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CODE DESIGNATION REVISED

CARBON AND LOW ALLOY STEELS (FeC)

1103 Fe-(0.15C)~0.92Mn-0.88N1-0.50Cr-0.46M0-0. 32Cu-0.2651 1-1 Dec 72

ULTRA HIGH STRENGTH STEELS (FeUH)

1200 Te-(0.300)0.950r-0. 20M0. o .0ttt it e e s 4130 Dec 73
1203 B (o 18 T I S 3140 Sep 74
1204 Fe-{0.3C)=1.8N1-0.80r=0.8M0-0.07V. . ..\ eveiriuenianraeaannnns ....4330 V Mod Mar 69
1205 Fe-(0.35C)-1.8N1-0.80r-0.35M0-0.2%. . .. 0onnereeeiiiinnannss ....4335 V Mod Mar 65
1206 Fe-{0,4C)-1.8N1-0.80r=0.25M0. . .. e eiureeeneeaearinanss ...4340 {4337) Dec 63
1207 O T T L U 52100 Jun 75

1208 Fe-{0.30)-0.55N1-0.50r-0.25M0. ... i e s Sep 78
1209 fe-(0.1€)-3.25Ni-1.2Cr-0. Mo Mar 63
1210 Fe-0.3C{5)0.28C{V)-1.3Cr-0.5M0-0.25V(5)0.85V{V) 17-22 A{S).17-22A(V) Mar 75
1213 Fe-{0.460 )-1.00r-1 . 0M0o-0.50NT. Lttt i e i e e D6A, DEAC Jun 74
1214 Fea{0.25C)-T.8Ni-1.551-1.3Mn=0.4M0. .. ...t e HY-Tuf Mar 63
1215 Fe-{U.4C)-1.6Cr-1 TATT0.8MR-0.35M0. . ..o oiiit e Nitralloy 135 Mod Mar 63
1216 Fe=oNi-0.550r-0.47M0-0.075V. .. ... i i s HY-130/140, SNi-Cr-Mo-V Mar 69
1217 Fe-{0.43C)-T1.0Ni-1.651-0.82Cr-0.8M0-0.007V.. ... ittt i enas 300-M Jun 72
1218 Fe={0.40)~00r-1 . 3M0-0. 5V .. L i e, H-11 Mod Sep 74
1220 Fe-18hi-7.5C0-5M0-T1-Al 18Ni Maraging (250 Grade) Sep 70
1221 Lo e R Loy B o o T 9Ni-4Co Mar 71
1223 Fe-18Ni-8.5C0-Mo-Ti-Al........... 18Ni Maragina (200 Grade) Mar 66
12¢45 Fe-TONT-8.500-Mo-Ti~AT. .. . i e 1841 Maraging {300 Grade) Sep an

- 1437, Belfour Stulen. Inc. ix
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AUSTENITIC STAINLESS STEELS (FeA)

1301 2L o 0 . UG Tvpes 301 and 302 Mar &5

1302 Fe-180r-911+S or Se e Types 303, 303 ¢ Mar 72
1303 Fe-{Low C)-19Cr-30% ... ... - Tyneg 304, 3041 tar 73
1304 FodB0r-12%i. e e Type 305 tar 77
1305 Fe-28Cr-2M . e <o Tepes 310, 3109 Har 69
1306 L o 4 . T Tvpe 314 Har 63
1307 P RO 3N eI s coo--Types 316, 317 Yar 74
1308 LI oo o I g T T Tvpe 321 Jun /6
1309 Fr-180r-12"1s0h. ... PO Types 347 and 348 Dec 77
13 Fe-20Cr-d00i-1 580-T %%, . o .16 0L and 19-9 DX Mar 63
1312 Fe-170r-6.5Mn-8 000 s Type 20 Ope €2
1313 Fe-12Cr-€Ni-6"n-20u « 5.0 oL L e s 20307 Mar 71
1312 Fesbow C-210r-ARi-0Mne ™l o e 21-6-9 Jun 77
MARTENSITIC STAINLESS STEELS (FeM)
14c Fo-fbow £ -0 0r e Types 403, 410, 116 Sep 71
1402 Fe-0.35C-130r Tepe 420 Cep 73
1403 Fo.0.230-120r- Sen 71
1406 Fe-(0.2C)-16Lr- Mar 77
1405 Fe-(High i)-17Cr-0. .. Ay BT Sew 73
1407 Fa-330r-3W-200. . L. 0 .. S S fireed Ascoloy Mar 76
1409 Fe-(0.04C)-11.80r-A 0 00y, 37 IR AM-363 Mar €5
1410 Fe-{Low L-T20r & (e s 41CCh Jun 72
AGE HARDENING STEELS (FeAH)
1501 L A O S L P 17-414 Mar 78
1502 FR-17Ce-T00-1A0. .. .. S 7470w Mar 70
1503 L o o A e N PHIS-T0 Jun 70
1504 Fe-17Cr-8%i-Ma. oo o L, - AM-350 Har 6%
1505 Fe-19.5Cr-4 % li-2N0, .. . Yar RS
1506 Foo{0.303-17 5Cr-9 5%1.3 fvn ¥ar 63
1507 Fo la0r-n%iop SMg-AY .. Mar 7%
1503 Fe-0.150-12.50r-13.5(r “ar 79
150 ¢ Sep 13
1811 FellT0r-7N e THL Lo Mar 0
1512 o L Olr- T o T var R
1813 Foa180r-5Ni-A0u. ... . ... P 15-501 Lep FQ
1514 Fe-lowC-120r-BNi-200-17T440h . .. o i e Custom 455 Mar 76
NICKEL CHROMIUM STEELS (FeNC)
1601 LA 1 T LU B O T B 1 o o O A S A-286 Mar hil
1602 Fe-20N1-20Cr-20C0~3M0-7 5W-1Cho oo N-18% Yar 61
1605 Fe-160r-1aN1-7 5Mn-6M0-0. 350 . ..o L 16-15-6 Yar 63
1607 L I T o .. incoloy Mar £3
1608 Feo2o SNT-T160r-3T0- 1 20M0-0. 3=, 25AT . o e e e e ¥-57 Var 43
1610 Fe- 32N -20.00r-0.350. ... i e . ...Incoloy 80 Jun 75
1611 LR T O e S P RA330 Jun 77
1612 Fao35Ni-16Cr-1.2554- 400 .. ... .. L 2R3300C Sep 75
1613 L Pt R 40 o o B L U incoloy 800 Sep 79
1611 B BN - 20, S L T e fncoloy Alioy 801 Sep 74

1977 Rellour Stulen Ine
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ALUMINUM ALLOYS; Cast (AIC)

3104 AL-851-1.300-0.80g. Lo e 355, €355 Mar 77
105 Al-TST-0.3Mg. . e e e 356, A356 Dec £9
Jing A1-4.8Cu-0.8A0-0.25M0-0.25T1. .. ... e K0-1 Cast Jun 69

ALUMINUM ALLOYS; Wrought, Heat Treatable ( AIWT)

3201 A8 50u-TMN-T1S1-0.5MG. .. o e, 2014, Clad 2ma Mar 66
2203 L O LT B T PPN 2024 Mar €3
3204 AY-4.5Cu-1.5MG-0.8Mn, Cldd. . ... ... it i e Clag¢ 2024 Mar 63
3205 AY-6Cu-0.3Mn-0.22r-D. 0V, L. e X 2719 and Clad x 2219 Mar 67
3206 Al-IMg-0.651-0.25Cu-{0.09-0.25)Cr. . 6063 Dec 72
3207 A1-5.62n-2.5Mg-1.6Cu-0.3Cr......... Mar 68
3208 AT-5.52n-2.5Mg-1.6Cu-0.30r, Clad. ... . it i e Mar 63
3213 A1-2.50u-1.5Mg-1.2%5-1.0fFp-0.251-0. 114, .. Mar £9
3214 A1-4.62Zn-71.4M2-0.58n-0 1 7r-0. 1Cr-N.03T5 Mar 67
21 AY-7.62n-2.5M0-1.5Cu-0.150r . Mar 72
3219 AY-5.62n-2.5Mg-1 6Cu-N. 2% r-lnow Ti-Mn-fn, oo e ARELY Sep 72
3220 AY-5.62n-2.2%9-1 .5Cu-N, 2 0r-Low St-Fe-Mn.Ti .. . Jun 73
3221 A1-4.4Cu-1.5Mg-0.6Mn. . ... e R Jun 76
3222 A6, 22n-2,25MG2 . 3000, 1270 et e e Sep 76
3223 AT 3= L M- 0. MR, e e e Jun 77
ALUMINUM ALLOYS; Wrought, Not Heat Trestable ( AIWN)
3N AY-7.549-0.250r Mar 65
3303 B1-6.1Mq.0 BMn0 V0P Mar €5
3304 AY-7M5-0, 207 -0 00500, N6Line, Jun 73
MAGNESIUM ALLOYS; Cast {MgWT)
un Mg-pAY-30e. L L Mar €3
a2 MQ-9A1-0.70n. ... .., e Mar 63
3402 Mg-981-22n. ... Mar 63
3404 Mg-34e-2.57n.0 PV Nec 7
3405 Mg-8.52n-0.72r. . ... .. .. var 63
3406 Mg-2.54g-2.001-2.&/r, . .. .. Jun 7
3407 Mg-1.RTh-5.7In-2.747r .. Dec €9
3408 Mg-3.2Th-2.37n-2. 70r . ... e .. Dec 6@
368009 Mg-620-0.82r. ... L. AU Sep 70
MAGNESIUM ALLOYS: Wrought, Heat Trestable (MgWT)
35M R T I R P G LA78GI Mar 63
3502 Me-301-C.82r. .. .. f[r3nxa ¥ar 6€
3503 Ma-3TH.O.P7r L : .. LHED Dec 71
3504 MO 2TRGLBMIN L e L 2R Mar 68
3505 T R L HMITA Sep 7
350¢ M@-5.8In-0.82v. L e e e 7YE0 Mar 72
1557 fos R T - e Mar &7
3508 Mg=OLi-TAY . . : Dec 69
3500 M- TR -0 TN e AM1004 Jun 70
MAGNESIUM ALLOYS; Wrought Not Heat Treatabls (MgWN)
3601 Mg-3R1-Tdm. e et e AZ318 Jun 71
3602 Mg-1In-0.2Re. .. ... i PR 70104 Mar 63
3603 o T T e 4 PO AZE1A ¥ar 65

© 1977. Bclfour Stulen, Inc.



AEROSPACE STRUCTURAL METALS HANDBOOK

REVISED: DECEMBER 1978 VOLUME 4

CODE

CONTENTS

TITANIUM ALLOYS (Ti)

3701
3706
3707
3708
3709
n
nz
3713
3714
3715
ns
3719
3720
3721
3772
3723
3724

DESIGNATION
T e e e e Ti, Commercially Pure
LT Y -
Ta-BAT =8V e e e e e e -
Ta= AT a8 MO . o e e et e e -
T BT - IMO- 1Y o e e e e -
T B R B Y O I TP Ti-679
T = T -
B T B 2 B e 71 PP B 120 VCA Ti-Alloy
TiaBAT=2Sn-8r MO . e e Ti-6A1-25n-41r-6M0
DT Y S L L O
DTy B OO 3 s 7 GO DR
T e A = Y o e e et et e e
Ti-HA1-2Ch-1Te 0 B0
T1-8Mp-V-PTe-3 0
Tial i hMe-b/red 55
T B & T 38-5-44
BT B L O L T o o U T1i-17

TITANIUM ALLOYS; Cast (TiC)

8o

T B A A e Ti-AAT-8V, Cast

NICKEL BASE ALLOYS (<5%Co){Ni)

2101
4102
4103
4108
4105
4107
4108
4109
a2
a5
4116
a7
ang
a9
4120

L I T U Inconel Alloy 600
Nl BAT L BT e inconei Allay 702
Ni-10Cr-17Fe~50b-3Mo-0.8T1-0.6AT . ... L o i Inconel Alloy 718
M- 0lr-TFe-2 . 5Ti-0. 7R L e e Inconel Alloy 722
Mi-150r-7Fe-2 Ol 10h-D FA e e Inconel Alloy X-750
R YO T o 71 T O Incoloy 901
=T 3080 - aMa-20h-0. 7T h . i e e 713LC

Ni-277e-15Cr-2Mo-4aW-3T1-141
H1-22Cr-18Fe-9M0-1.5C0-0.5W

1T P

BN -200u= 3T 0. O i o e e e Monel K-500
N1-22Cr-QMo-4Chb-3Fe. ... ... .inconel Allay k2%
Hi-250r-18Fe-3M0-3KR-300-1 . 350 oo e e e RA-333
N 130 =BT =AM 2O O, T i e e Ince 713C
R B 00 41 S 0 NiCr

~ 1977, Belfour Stulen, Inc.
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Mer 63
Mar 66
Sep 77
Dec 75
Jun 78
Mar 68
Jun 69
Dec 7
Sep 72
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Sep 76

Mar 70
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Mar At
Mar 74
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Dec 75
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far 67
Dec 70
Jun 76
Jun 76
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Sep 76
Sep 71
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CODE DESIGNATION REVISED
NICKEL BASE ALLOYS (>5% Co)( NiCo)

4202 =100 -1000-10Me-2 5T 1- AT e e e 01282 Mar 61
4203 Ni-{U.1C)-12Cr-1NC0-ON-4A1-4Ti -0 050-n.52r sicratung “ar 62
4204 H-2000-150--GM0-4 . 5AT -0 3T L s Timonic 105 Mar £
4205 HT=19Cr-1100-10M0-3T 1= OAT. L e e e Repe' 41 Bec 72
4206 HE-IBCr-1700-8M0-3AT-3T . L e Hgimnt 600 Mar 47
4207 Ni-TBCo-150r-0M0-4 . BA1-3 G700, 030 i e Hdimet 700 Mar 8
4208 Hi-30Cr-14Co-4Mo-3Ti-TAL L Waspaloy Mar &F
azoe Ni- (0. 15C)-15Cr-1500-5AT-4T 13,040, .. .t timonic 115 et £3
4210 - 200r-18C0-2. 5T 1-F DAY e s timonic 99 e 76
4212 NE-1500-TN0r=5.8A1 -4 JTi-3M0-N.05Y L e 1100 Dec 75
4213 Hi-1000-80r-6Mo-HA1-ATa-1T1- 17O 0e/re o L e r-14900 Sep 77
4214 Ni-14Cr-8.500-aMo-aW-5T1-3RT+0+ZreB. . oo Rene 80 Mar 77
COBALT BASE ALLOYS (Co)
4302 o LI [ U 1-605 Jun 9
4304 o= 2B0r=OW- 10, e e e Stellite 6 Mar 63
4305 Co-200r-TONI-7, Gl e Stallite 31 Yar 68
4306 C0-27 0= M0- B e Stellite 21 tec 74
4308 Co-2TCr-TIW-2 -0 78 Tar Ot i e e Wi-52 Mar 73
4310 Costow C-220r-22Ri-03W- 0BLA. .o Haynes Alloy 184 Sep 77
431 Co-2dCr-T0NT-TW-3. G a3 T e e Mar-14 500 dan 73
4312 Co-25W-30r-1TH-0.57r-0.90 i VR-103 Sep 79
BERYLLIUM ALLOYS ( Be)
5101 S Poryilium hun 74
5102 ot tackallov Mar 67
COLUMBIUM (NIOBIUM) ALLOYS (Cb)
5201 1 2P folustiiagn, Cormercially Pure Mar 63
5206 b= 2T a- L= LT s Fo-25 var 66
5208 Ch=BMO- G- Mar (7
5209 OB T2 B o e s .. Jun !
5210 Cb-20Ta-15W-510-2r ¢ Nec 71
5211 =T 0= M o Y L e e e 2o ¥ar 73
MOLYBDENUM ALLOYS (Mo)
530 MO e e e ol sbderies, (omeercially Pure Yar 63
5307 H0-0. 0T 1. e e “olybfonum Sage Allay Mar 62
5303 L R R e 4 S A Mar 65
TANTALUM ALLOYS (Ta)
5401 7 AP Tantalur, Cowmercially Vure Mar F3
5402 T W . ettt e e e e Ta-10W Mar 66
5403 Ta-8W-2, QH e e e e e, - Jun 69
5404 R T TR 1 0 T o T-222 cun AY
TUNGSTEN ALLOYS (W)
5501 W e e e e e Tungsten, Commercielly Pure tar 63
5502 W-0. 35K -0. 0250, W-4Fn-0. 35H 0. 0250, .o e W-Hfe W-4Re-HfC Sen 7%
VANADIUM ALLOYS (V)
ZIRCONIUM ALLOYS (Zr)
5mM A TS5 T O lircaloy 2 Mar 63

APPENDICES

ABBREVIATIONS
GLOSSARY OF HEATING AND HEAT TREATING TERMS
FRACTURE PROPERTIES

S| CONVERSION FACTORS AND TABLES

o0 >

CROSS INDEX OF ALLOYS

« 1977, Belfour Stulen. Inc.
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INSERTION INSTRUCTIONS

The attached Feourth Quarter of 1978 Revision Supplement XI may be
incorporated into your Handbook as follows:

1. Observe the numerical sequence of the alloy code numbers and pages.

2.  Replace the 1968 Chapter Code 4212 (Ni-15C0-10Cr-5.5A1-4.7T1-3M0o-0.95V)
with the December 1978 revision.:

The addenda to the Table of Contents and Cross Index of Alioys on
the reverse side of this sheetf should be vrvetained until the Fourth
Quarter when they will be included in the revised sections.
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s ENERAT.

his nickel-base alloy, contuiuing large additions of
alumd®:m and dtanium, achieves very high strength at
elevaled temperature. It has thus received considerable
attention for application in compunents of high performance
jet emptires such as turbine blades, vanes and nozzles, and
even integral turbine wheels,

Because of the large quantities of strengthening elements
included in the composition, the alloy is not hot worked,
and is therefore used in the as-cast condition.  Recently,
however, there has been considerable development of a
powder metallurgy product which permits working of the
alloy. At high temperatures the powder -consolidated prod-
uct becomes superplastic, thus opening many possibilities
in fabrication-to-shape of wrovght complex components.

Also, beeause of the high content of gamma Lrime preeipit-
ate that constitutes one of the strengthening components of
the alloy, the equilibrium solution temperature approaches
the selidus, so the material is usuully used in the as-cast
condition, without heat treatment, lowever, it is subjected
to heat treatment during the deposition of protective coat-
ings. The powder mewllurgy product is heat treated to
achieve desirable properties.

The low oxidation and currosion resistance of the atloy at
the high temperatures where the strength of the alloy is
most advantageously used, intraduces the necd for protect-
ive systems. A large number of couling types have been
studied, and most have been found tn provide sufficient
protection to extend the useful tife of the alloy, commen-~
surate with its strength,

Exposure to high temperature and stress for long periods
of time may also result in embrittlement due to
precipitation of sigma phase. The alloy has been exten-
sively studied to det rmine how to avoid such embrittle-
ment,  Maintzining a low content of aluminum plus
titanium has been found effective, and the most recent
specifications require bounds in the titanium content

(in accordance with electron vacancy density calculations)
tn insure that no deleterious precipitates develop.
Because of the interest in ita potential usc in advanced jet
engine components, the alloy (especially the powder product;
has also been extensively studied in relation to its fatigue
characteristies, particularly fatigue crack growth during
cyelic loading.

Commereial Desipgnation
1N-107 )

Alternale Designations

(17p 1272, (1% 36, Austenal 100, AMS 5397 IN-100,

Udimet 1%-100, Haynes Alloy IN-100, All-vac IN-100,

Vertex IN-100,

Special desiimations of modifications of basic compositions

to achieve freedom from sigma phase proneness.
International Nickel Co., -INCO 731X
Geueral Electric Co,, -Rene' 1400

Specifications

AMSH397, Investment cast

G. 1. (original spee) CS0TTTA.

G. . (Rene! 100 modifr. ation) C50T77C,
G.E. spec. CH0TTTC speeifies that the clectron vacaney
number Nv he enleulated by the Pha Comp concept, using
the procedure of Woodvatt - Sims - Beattie (15), A muaxi-
mum vidue of 2,47 is allowed for cach heat.
ADMS 5297 specifics minimum values as follows:

L 115 ksl

Fl,\' - 95 kel

e(pereent in 1 in or 4D) -5 pervent
AMS 65387 Spee, for creep rupture test at 1800F, 28 kei,
ruptur e time minimum of 23 hrs, and clovgation, (n Iy
after rupture shall be 4 pereent minimum,

1478, Belfour Stulen, Ince,
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1,05
1,061

1,052

1.06

1. 061
1,062
1,063

1.08

1.u8
1.0v1

1,002

NONFERROUS ALLOYS

Compusttion
Table 1,1

He tnuent (sec .o 3, 0208y 15 Co
Commonly uscd in as-~cast condition with no further heat 10 Cr
reatment,

Heating for 2 - 1 el 1900 fo 20001 can re-solution sigma 5,5 A'
phase precpitated by croep exposure at lower emperature, .\ 7 Ti
and alse nuthes alloy more resistant fo sigma phase .
precipitation upen subiseguent exposure to long-time ereep 3 Mo

conditions il low er temper:
Coaung applications may espose alloy o0 tengperatures 1500
- 2000) lor perinds up to 25 hrs (1o, p, 9), INCO recom-
mends that if the coating is to be diffusced at 1900-19501F, the
wlloy shonld recebve @t pretinvnary high temperature
solulioning at 2100-2150F, followed by aging at 1300-1600F,

tres (12,

095 V
IN-100

This should provide the abloy with a capatnlite of maintain-
ing a consistently high Jevel of mechanical properties,

For the powder metalhurpy product, Pratt and Whithey
Aire
stabilization at 1600 and 12001 and precipitation hardening
at 1200 nd 1i0oF. “Iyvpieal heat treatment used (saee

Table 3,03 22100, 1ins » 2000k, 4 hrs © 3550, 1a hrs,

[t (Hef, 19, p g recommends solutioning at 20501,

Heardr

AMS spevibes Hndnes= KO 3u- 11 or cquivatent,
Effect of temperature on bardoness, Fig, 1,062
Ettert of tost temperature on Brinel; Hardne
determined hy mutual naentation, ter air melted and cast

REN
alloy amd for vacuum melted wd cast alloy, Uig. 1,063,

Torms and Conditions Avatlable

Investment Castings

Guatorized  ¢Urade Mark, Pratt & Whiiney Aireraft tor
creep termed powder product hydiostabieally pressed at

cievited wmprraturey laabine diahet wnd

Melting snd Casting Practice

Virenum melted and east

Special Consderatio
Beeuse o) the lon cln

s content, as well as the
presence of Vinadiabe, ovidatien resjstanve is not adequate
at the high temperitures where the strength of the alloy
assumes special advanuge.

The problen is usually
avercome by the use of aluminum or aluminnm-hase
conlings.  Many of these are pronrtetary, and the

corpositions as well war hoeat-treatments are not revealed.

Teformation provided by the coating produce show

Lenclicial efteets of coatings as proteetion against
oxidation and sulfidation, and improvement of thermal
shoek re tance. Th benefits are apparently

obtuned without tmpadving the hensile and ereep properties
at high temperature, (D6H7HAL G Lo (1),

The hipgh havdoner content of e alloy makes it particu-
tarly prone (o the precipiticon of embritthng phiases, sach

as signu, upon prolongad exposm e o high temperature,
especiallvaf sore ipplied.  dpecial
compositions, Tow in ttanivan content bave hoen found

2 L5 st taneous

advantageous tor amvojding sueh cmbritttement. The

f

Internittionad Nichel Company, origmal develop

IN 100, has developed i moditivation designated g
IN TULX, (1 and the Goneral Fleetrie Company has
developed Lene' 106 for (his purposg, (13),  Both usce
siney of the
remaining matria alicr the moagor herdendng preeipitates

Pha Comp technmigues (eierein electron v

have formed. i= used as o basis tor the deter mination of
whether signw will tormy. Bvery heal roguires a sepine.
ate computation to duter nane sigmi-proneness beeasse
of the Tange varnanons permitted in the chemistey of
indivie } .

B Lin WL the revived
composition honls with lower tlanium contenls, are
usuallv sipma free witlon e stecitied hmits of the other
elements,  The temdenev towird sigmn-proneness was
first reperted wmoretorence 111 to be a result of eaposure
1o high tenperatures Tor Jong tmes, expeeindly at stre

Referenee (1 H demnnstrates inore estensively the offects
ol eyposure to tempetatur e, and simulaneous exposure
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MONFERROUS ALLOYS

to etress and temperuture, Reference (12) reveals that
life in crecp-vrupture at 1500¥ could be reduced by factors
as high as 4 to 8 when sigma phase precipitates as
compared to ertrapolated values for sigma free material.
It was also shown in reference (12) that sigma formed at
1G50F could be solutioned at 1900 - 2000F, in 2 - 4 hra
and that a 2000F, 2 hour heat treatment delayed sigma
formaton. This heat treatment was observed to delay
slgma formation whether applied 1o an as-cast bar or
whether applied to a bar previously exposed to 1650F,
containing sigmu. This cbservation points to the possi-
bility of beneficial effccts of heat treatment, in contrast to
the normally used ag-cast structure. 1t also points to the
pomsibility of removing creep damage by re-heat treat-
ment tor thig alloy. The question o sigma phase
precipitation has been extensively studied (Ref, 22 to 24),
and elfect on properlies determined in detail.

The alloy in the powder metallurgy form has been
extensively studied (Refs. (19)(20)(33)(34)(35){36) both

in regard to mechanical properties of fabricated products
and especially in regard to crack growih.

High pressure hvdrogen reduces tensile ductility,
particularly at RT (see Table 3.03171).

PHYSICAL AND CHEMICATL, PROPERTIES 2.032
2.033

Thermal Praperties

Melting range 2305 - 2435F (%), p 7. 2,004

Praece changes. Siructure corsists of intvagranular as

well as euteetic or primary Nig(Al, Ti), TH(C, N) and

M,B, 2lso poesibly perovekite carbide within Nig(Al, TH 2,035

islands. On aging precipitation of peravskite-like phase

(N:3 (Al, T1)C) occurs at 1400F, and continues at 1600% Z2.0312

where, after about 100 hr, an aciculur siyma phase also 2.05121

begins to nueleate at grain and phase boundaries,

The formation of sigma phase appears to be promoted by

stress to 1800F. In the absence of stress, solution of

Ti(C,N) ard Ni, (Al, TI)C and the resultant precipitation 2,0313

of MyaCy; are the main structural changes at 1800F, (11). 2.,03131

The tendency towaurd the formation of sigma phase can

be eliminated by Leeping the electron vacancy number

Nv Lelow 2.47.

Effect of aging time and temperaturc on minor phase

concestration, Fig., 2,0120. 2,03138

Effect of exposure for 5000 hours at varions temperatuyves
on mjnor phasy concentration, Fig. 2.0121.
‘Transformation to sigma phase for as-cast and forged alloy
for two levels of electron vacancy concentration, Fig.
2,0122,

Time-temperature relation for the onset of sigma phase
precipitation for medium and high electron vacancy
concentriiion ii\Tv‘; Cunyrudith -
grain size structure, Fig, 2,0123.

Thermal conductivity, Fig, 2.013.

Coefficienl of thermal expansion, Fig, 2,014,
Specific heat, Fig, 2,015

Thernmml diifusivity.

2,08134

2,03435

2.05137

2,03138
Other Physical Properties
Density 0,280 1 per cu in, 7.75 giu per cu em (4) p 2
Electrical Froperties 2,036
143, 0 microhm - cm at RT (4, p 2)
Muagnetic Properties

2,037
2,0371
Chemical Properties
Because of the lower chromium content of this alloy
compared to other high temperature, high strength nickel
base alloya, cxldation resistance is Romewhat reduced, 2. 0872

However, since it retainsg strength at high temperature,
its intended use range is above that of many other nickel
base alloys, Thus, where an ¢ xidizing or suifidizing
cnvironment is present e fn turbojet applications, o
protective couting ir usually applied. Commen coatings
are of the aluminum and aluminum base typer. These
can Substantially improve the sulfidation resistance,
oxidation resistance and thermal shock chavacteristics. 2. 01381
While only limited data are available ot present, it

2.0373

2,038

2.03132
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appeirs that these coatings do not reduce the creep
rupture strength, rupture clc.\gnlion. Or aom tempera-
ture fatigue strength of the as-cast alloy, The oxidation
charaeteristics in a high velogity gas stream containing
osyEen is very complex, particulirly if sicady load and
thermal shock eyeles are superimposed.  Depending on
temperature, a weight gain or weight loss may occur
under the game velucity conditions, (sce Figure 2.034).
An uncoated material may first gain weight and
suhsequently lose weight ia the same test, due w the fact
that heavy build-up of oxide (weight gafny may be followed
by spalling (weight losg), as shown in Figure 2. G35,
Coating may reduce oxidation and thug prevent spalling,
as alsy shown (n Figure 2,085. Surface offects may also
be important, ¥igure 2.034, At present the process is
regarded as too complex to be predictable from thermo-
dynamic principles, This complexity is the result of the
mierplay among heterogeneous oxide growth, oxide
interactions, oxide vaporization, and spalling, especially
in the presence of ereep strain and cyelic plastic struain
due to thermal shock (6) p 8, Caution is adviscd against
extrapolating behavior from one set of conditions to
another, Rather, it is sufgested that tests be conducted
unduer conditions closely simulating operation.

Summary of main styes of oxidation, Figuve 2.032,
Typieal plot of weight gain versus time in static oxidation
Figure 2. 033,

Dynamic oxidation tests at 1600 and 1800F indicating
complexity of process, Weight gain oveurs at 1600F,
loss at 2000r, Figure 2,034,

Cyclic oxidation behavior with and without protective
alurinim base diffusion coating, Figure 2,035,
Plalinum- Aluminum coatings,

Typical weight change pattern for eoated alloy cveled for
15 at 2000, fellowed by cooling to RT in
3 minutes. Figure shows data tor Pt-Al alley, with
summary of results for several other alloys, Fig.2.03121
Cerrosion.

Effeet of corresive environment on weight change in bare
and coated condition, ‘Table 2,103131,

Relutive correeion of various superalloys for two fuels
of diffevent sulfit contenl and two salt/air ratio contents,
Fig. 2,03132,

Correlation showing that low coryosion resistince of
alloy is related to its low chromium content, Fig, 2, 03133,
Correlation showing that the low threshold temperature
for corrosion is principally rvelated to its low chromium
content, Fig. 2,03134,

Corvrosicn (ts measured by depth of atwe ek for alloy in
700 FPS veloeity gas jet using low sulfur fuel (JP4) with
4ppm and & ppm sea salt in inlet air, Fig, 2.03135,
Cormsion (as measured by depth of attacky for alloy in
700 FI'S velogity gas jet using high sulfur fuel (JP-4R)
with 4 ppm and 8 ppm sea salt ininlet air, Fig, 2,008136,
Hot corrosion resistancs of thinwall alloy with two
proprictary contings in 1000F eyelic temprrature test,
Table 2, 03137,

Comparison of hot-covrosion behavior in a marine tur-
bine simulator with other nickel - and cobalt-base alloys,
Fig. 2.03138,

vut it Intet

Dynamie oxidation at 18003 of alloy in two conditions of
surface finish, Rougher surface pronwotes more rapid
oxidation, Fig. 2,036,

Slurry coatings.

Cyclic furnace oxidation in 20 hour eycles at 20001 of
FeAl 1 Fe-Cr-Al aluininized slurry of average compo-
sition Fe-25Cr-Al, and comparisor with oxidation of alloy
protected by cladding of Fo-23Cr-4A1-1Y, Vi, 2,0371.

Cyelie fumacee oxidation in 20 hour eyeles at 2000F of
NIAL slurny conted alloy with canarisen (o oxidation of
commercial conversion coating, Fig, 2.0372,

Oxidation of NMIA] aluminized slurry coating in Mack 1 jet
at 2000F, with caupitrison to commercial aluminide
coatlog, Fig. 2.03730

Metallided coatings,

Nigh gas velocity oxidation and therma? fatigue cracking at
1900F of alloy coated by an clectrelytie fused salt process

1378, Belfour Stulen, Ince.
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(et lided), and comparison with oxidaiion of bare alloy
and pack aluminum coated alloy, Fig. 2.0381,

2,082 High veloeity oxidation and thermal fatigue eracking at
20001 of alloy coated by an clectrolytie fused sall provess
(metallided), and comparison with bare alloy and pack
aluminum coated alloy, Fig, 2, 0382,

2.0383 Statie axidation at 2000 and 21001 of Alloy coated by
clectrolytic fused salt process (metalliding), Wig. 2. 0333,

2.0384 Comparson of statie oxidation with oxidation in high
velacity jet (Mach 1) at 2100¥ for metallided coating,

Fig. 2,0354,

2,039 Claddings

2,0391 Eficct of cladding thickness on eyelic oxidittion of Fe-25Cr-
JAL-1Y elad alloy at 1800 and 20008, Fig. 2,0341,

2.0342 Fffoct of eladding thickness on eyclie oxidation of Ni-20Cv-
4A1-1, 280 elad alloy at 1490 and 20001, Fig., 2.08492,

2,0393 Effeet of cladding thickness on eyelic oxidation of Ni-30Cr-
1,480 at 1900 and 20000 Fig, 2.0393,

2.0310 Vapor deposited coatings.,

2,03101 Weight ehange and thermal fatigue eracking tendencies of

alloy with vapor deposgited CaCrAlY coating, and compar-
ison with performance of alloy conted by commercial pack
aluminide process, Fig, 2,03101,

2,081 Fmbedded alumina particle enatings,

2, 03111 Weight change and therma! fatigue cracking tendencies of
alloy with FAPA (embedded alumina-purticle aluminide)
subjeeted to 1 hour eycles at 2000F jn Mach 1 jet burner,
and comparison with performance of bare alloy and other
tvpes of contings. Fig. 2,03111.

2,04 Nucleur Properties
3. MECHANICAL PROPERTIES
3.0 Speeified Mechanical Propevties

Sce 1,032 and 1, w3

3.0¥ Mechanival Uroperties at Room Temperauire
See also 3,03,
3021 Room temgerature tensile properties of as cast allov in

three levels of eleetron viacaney concentration, and at
two levels of prain size, Table 3, 021,

3,022 Mechanical properties at room temperature of forged
alloy in three conditions of provencss to sigma phase
precipilation, Properties shown afler normal heat treat-
ment and after hear treaty ent followed by exposure to
clevated temperature, Fasle 3,028,

3,023 Effee of thermal expogure subscquent to heat treatiment
on room temperalinee teusile properties for forged alioy
with three levels of A1+ Ti content (electron vacaney
cmeentration, Nv, relating to propensity toward sipma
formatinny, Table 3, 023,

a.024 Effeet of ezposure at 15501 for 250 hour and for 2500 hour
on reem temperature tensile propevtics of alloy with
Al-Ti composition varied to achieve 3 levels of clectron
vacaney concentrittion, Ky, Fipg, 3,024,

3,025 Room temperature lensile properties and hardn
powder melallurgy produet prepared from powders
various compositions and grain size and consolidated by

Tahle 3,025,

RAR) Tensile properties of superplastically formed pancake
ferging used in fatigue cpack prowth studies, Table

of

of

eral prog

026,
3,027 Compareison of tensile properties of alloy with Ni-26Cr-
AAL-1, 250 eladding alley before and after oxidation,

Ty, o027,

302K = strain curves, See Fig, 3.03111

®, 000 Yyt

3. 0881 Unnotehed charpy impoet strength at room temperiture
alter hold for 300 or 1000 hours at elevated temperature,
Vig, 3,0201,

3.03

3.0

3.0311

3,03111 Stress-straln curves for as cast alloy at rovom and
clevated temperatires, Fig, 3.03111

d.os112 Stress-strain curves for Jubated alloy at room and

clevated temperatures, Fig, 3.03111,

® 1974, Belfour Stulen, Inc.
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NONFERROUS ALLOYS

Tensile properties

Fifect of test temperature on meehmical properties as N’

cited by alloy developer, Fige 3.07121,

Tensile properties ot as cast hur at roum and elevated 15 co

temperatures, Fip, 3,03122, 10 C
r

Tensile properties of JoCuated bar at room and nlevated
temperatures, Fig, 3.03123, 5.5 Al
Heat treatment offects .
Ffieet of several selution heat treatments on the tenaile 4-7 Tl
propertivs at 13001, Table 3.03131, 3 Mo

Coating and coating repair effects.
Tensile properties at room and clevaied temperatures of 0.95 V

thinwall allov coatesd with two proprictary coatings,

Tahle 3,08141,

¥ffret of coating, high temperature exposure, and several
repiuir provesses an tensle and yield strepgth at 1200F
compared to as cast unceated base nuterial, Tig, 3,03142
Effect of ¢naling, high temperature exposure, dnd several
Tepair processes on elongation at 1800F compared to as
casl unvoated base material, Fig. 3,038143,

Powder metallurgy praduct.

Effect of reduction practive and heat treatment op the
tenstle propertics at RT and 12001 of powder metallurgy
alloy, Table 3,03151.

Tensile propertics of specimen from powder altoy pan-
cake at R and 13001, with comparison to Prate &
Whitney speeifications 1or alloy, Fig, 3.03152,

Flow characteristivs in th e at low strain rates and
tempe where superplasticity can he achicved,

g, 3,0815%

Relation between stress and high deformation race ac 1900
te 21001 for alloy directly extruded from powdey, Vig.
3.0415%,

1iigh strain rate effect on clongation at fracture at 1900
to 21N0F for alloy directly extruded from powder, Fig,

-

asticity exhibited by powder mietallurgy alioy,

Nigh pressure gas etfects,

Tensile propertics at R and 1250F in 5000 peig helium
and hydrogen, Table 3. 03171

Compression

Effect of test tomperature on compression yield strength
for air melted and cast alloy and for vacuum melted and
cast Wlloy, Tig, 3.0321,

Impact

Effeet of temperature on Charpy Vimpact encrgy, Fig,
3, 0331

Rending

rorsion and shear

Rrearing

Stress concentrafion,  (see also 3,003)

Noteh properties

I'racture toughness

Comhinet] propertics

Croep and ereep rupture properties, (see also 3,064
Creep carves at various femperatures,

Creep curves of as east alloy at 1662F, Vig, 3, 0411,
Creep carves for JoConted atloy @i 15621, TFig, 3.0412.
Creep curves of as cast alloy at 1 Fig. 3, 0413,
Creep eurves for dnConted alloy at 168971, Fig. 36114,
Creep curves of a8 east alloy at 18821, Fig. 3. 10415,
Creep eurves for doContedd 2110y at 1R32F, Pip, 3, 041186,
Aoy developer's suprested design curves for ereep sturain
and ceeep rupture ar Liout, Fig, 40437,

Alloy developer's sugpested design curves for Creep
strain and ereep ruplure al 15001, Fig. 9, 0414,

Aoy developer's suggested design curves fur crecp
atrain and ereep rupture at 17001, Fig, 3,0119,
Alluy developer’s supgestel design curves for ereep
striain and crecp rupture at 18008, Fig, 3.04110,

Alloy develeper's suggested design curves foy o reep

straim and crevp ropture of 1900k, Fig, 8,04111, i
Minimum Ve curves wor temperatures from 1350
1o 19001, K. L0112,

Creep of superplastically tormed producet,

Creep and s veen rupture properties of superplas

cally
formed pancake forging used in fatigue crack growth
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studi Tuble 3.0421,

Relation of ercep to creep rupture.,

Relatioa among start of third stage creep, time to 19,
ercep, and rupture time for as cast alloy, Fig, 3,0431,
Relation among tine of third stage creep, time to 1%
creep, and rapture time for JoCoated alloy, Fix. 3.0432,
Iiffects of repair coatings on ereep and creep rupture,
Creep and rupture propertiee of alloy after repair of
oxidition and mechanical damage offects, Fig. 3,0441.
Creep rupture, general,

Typical ereep ruptire properties in life range from 10 to
10, 000 hours at temperatures trom 1300 to 2000F,

Fig, 3.0151,

Creep ruptur s for us cast alloy at 15662F, 1697F,
angd 1832F, T'ig. H152,

Creep ruptury data for as cast alloy as determined by
developer, g, 3, 0103,

Creep rupture, heat ‘reatment effects,

Effeet of several solution heat treatments on the creep-
rupture tife at LAGO), 29 ksi, Table 3,0461.

Crveep rupture, coating ellects.

Effect of coating an ereep rupture properties at stresses
and temperatures vielding creep rupture lives in the
range of 50 to 200 hours, Table 3,0471 .

Creep cupture curves for JoCoated alloy at 1562F, 1697F
and 18321, Fig, 3.0472,

Correlation between ductility and rupture time at 1562F,
1697F, and 1832F tor JoCoated alloy, Fig, 3.0473,
Crecp rupture lives wnd elongations at 1450F and 1800F
for thinwall alluy coated with two proprietary coatings,
Tuable 3. 0474,

Creep rupture, sigma phase instability cffects

Beneficial effects on creep rupture behavior achieved by
avoiding sigma phase precipitation, Table 3. 0481,

Creep rupture propertices of forged alloy in three con-
ditions of proneness to sigma phase precipitation,

Table 3, 0482,

Creep rupture curves for fine grain alloy of composition
sufficiently low in Al and Ti to avoid sigmna precipitation,
Fig, 3. 0483,

Creep rupture curves at 10ksi for alloy in three levels of
eclectron v y concentration achieved by additions of
Al-Ti to & single heat, lesled In as cast condition or after
exposnre at 15650F for 250 and 2500 hours, Tig. 3. 0484,
Creep rupture curves for fine grain alloys of Jow, medium
and high clectron vacaney concentration (Nv), represent-
ing progressively inepreasing tendeney toward sigma phase
precipitation, Curves show that strong tendency for
Rigma preeipitation results in reduction of ereep vupture
sirengths, Wig. 300485,

Creep rupture, powder metallurgy product.

Creep rupture properties in very short time range at 1900
fo 2I80Y Lop
powder, Fig, 3,041,

Creep rupture curves al 1200F for cast alloy of vavious
grain sizes and for alloy extruded from powders,

Fig. 4, 0192,

Creep ruptare in special vnvironments.

Creep rupture of alloy in helium, hydrogen, and hydrogen/
water vapor at 12501 and 5000 psig pressure,

Fig. 3, 1101,

Fatigue propertics

ury

e
e

oy pro

Mechanicully indueed fatigue

Effect of aluminun: base coating on rotating bending
fatigue propervties at reom temperature, Table 3,0511,
Low cycle futigue characteristies of smooth hollow
specimen with one-inch gage length of uniform cross
scetion at temperatures from 1000 (o 2000F io atrain-
vonwrolled eveling, Fig, 3,0512,

Low cycle fatigue characteristios at 1700 F of hollaw
specimen with two sets of diagonal holes, Fig, 3.05013,
Strainrange partitioning life relationships.for cast alloy
at 17001, Ty, 4, 0014

Axial fatipue at 16500 of sitnlated hollow alrfoils coated
with proprictary contings, ¥ig. 3.0515,

Thernunlly induced {atigue

Thermal shock fatigue characteristies of aivfeil shape
with and without aluiginum base coating, Tahle 3.0521.

Thermal fatigue resistance of sguare plate rapidly heated

3.0526

3.0527

34,0528
3.0629

3.053
3.0531

3.0532

3.0533

3.0534

3.0543
3.0544
3.0645
3, 0546
5. 0047
3.0648
3.0549
3.085

3.0551
4.05652
33,0553
3,056

3,0561

3.05662

R, 0061
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and cooled at periphery of eenteal hole, and comparisen
wlth thermal futigue resistanee of other commonly uscd
cast alloys, Fig. 3.0522.

Thermal fatigue ¢rack initintion of as cast or dircction-
ally solidificd alloy with and without JoCoat tested in
alternate fluidized beds at 1990 and GDOF, Fig, 3.0623.
Thermal fatigue crack iuitiation of a& cast or direction-
ally solidified alloy with and without JoCoat tested in
alternate fluidized heds at two gets of temperatures,

Fig, 3.0524,

Eifcet of cycle time on thermal fatigue eracking of coated
and uncvated wedges alternutely immersed in flaidized
beds at 600 and 19901, Fig. 3.0520,

Effect of masimum cycle temperature ou thermal fatigue
cracking of coated and uncoated airfoils simulating tur-
bine blades subjected to Mach 1 gas flow followed by
rapid air jet cooling, Fig. 3.0523.

Relation between crack growth rate and resistance to
inftial eracking in thermal cyeling, Fig, 3.0527.
Thermal fatigue of thinwall alloy with two proprietary
coatingz subjected to 10, 5 ksi tensile mean stress and to
temperature cycling from 2050F, Table 3. 0528,
Correlation of time ty initiate thermal cracking with
weight wain slope parameter for clloy coated in varioua
wiys, Fig. 3,0529,

Mechaniceal loading of powder metallurgy product.

Stress rapge variation during low cyele fatigue tests at
1200F of powder metalluriy bars prepared by Pratt &
Whitney Ajveraft Gatorizing, (process, Fig. 3.0531

Low cyele faddgue @' 1200F ot powder metallurgy bars
preparved by Pratt and Whitney Gatorlzing  wpwrocess. Data
puints represent cyeles to complete fracture, Fig., 3.0632
Tow cycle fatigue at 12001 of powder metallurgy ha
prepared by Pratt and Whitney Aireraft Gatorizing
process,  Datd poinls represent cycles to § percent Yoad
drop, Fige 3.0585,

Low cyele fatigue at 1200F of specimen {rom powder
metallurgy compressor disk, Fig, 3.0534.

Crack growth in steady loading or continuous cycling.
Basic crack growib curves at RT, 1200F and 1350F for
constant amplitude loading of WOL specimen,

Fig., 3.0541

Effect of net section stress on crack growth rate at
1200¥F, ¥Fig, 3.0542,

Effeet of temperatire and specimen thickness on
sustained loud erack propagation rate, Fig. 3.0543.
fect of specimen thickness on erick growth rate at KT,
TFig, 3.0644

Fifect of trequency vn erack growth rate in continuous
ecycling at 120017, Fig, 3.0545,

Effect of temperature on erack growth rate ai 10cpm,

R: 0.1, Fig,

1 of ot

ol growth rat

at 1700%,
10epm, TFig, 2, 0647,

Effect of stress ratie on erack growth rate at 1200F,
20cps, Fig, 3, 0548,

Eftfect of specimen thickness on erack growth pate at
1200F, continuous cyeling at 10cpm, iy, 34,0549,
Crack growth-overlomd effects.

Crack growth al 1200F under contimious eycling and with
50 pereent overload every &, 20, or 40 cycles,

Fig, 3.0661,

Crack growth at 1200F under conthiuous eycling and with
25 pereent or 50 pereent overloads every 21 cyeles,

Fig, 3.0552.

Crack wih at 12008 under sustained joad and with

26 pereent or 50 percent uverloads every 2 minutes,
Fip, 3.0554,

Crauck growth-dwell periods,

Effeet of net seotion str
minute dwell at peak st

m erack growth rate for 2
ot 1200F, Fig. 3. 05661,
Effeet of specimen thickness on crack growth rate at
1200y, Twy minute dwell 2t mex lvad, Locpm durng
viapiable slress period, Faig, 3.0562,

Effect of dwell time at
at 1200, R 0.1, Fig, .
Crick grrowth xt 1350F under contingous eyeling, vr with
25 and 50 pereent averioad, or with 2 minute gwell at the

k stress on erack growth pate

M Y
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.
" o~ 50 percent overload condition, Fig. 2. 0664,
3. 0565 Interaction of Tow vele fatigue with dwell periads at max Ni
load for tests ol 12008, R - 0,1, Fig, 3, 056065,

3, 05616 Interaction of low ¢y *le fatipue with dwell periods at max 15 CO
Toad for tests at 1060F, R 0.1, Fig, k

3.057 Crack prowth-delay effeets due to oy

3.0671 Delay eveles pricr to re:

o

c erack growth 5_5 A'
after single cyele of overload, Bascline Kmax - -
23,2 Ksi i, Fig. 5, 0571, 47 Ti

3,0572 Delay cycies prior to resumption of hasic erack gre vth 3 Mo
aller single eyele of overload. Baseline Kmnax

15,2 ksi ‘in, Vig., 3,0872, 0-95 V

umption of

4,068 Relium and hvdrogen effects ot high pressure.

33,0581 Tow cycle fatigue at 12501 in high pressure hydrogen IN-100
and helivm, Fig. 8,0681,

3.0382 Hirh eycle axial fatigue in high pressure hydrogen and
helivm at 12500, Fig. 3.056K2,

3.05141 melastie stond » vange vs, low-cyele [atigue life for each

partioned sira: range component for as-cast thinwall
{ubing at 1700F  I'ig. 3. 05141,
3.05142 Strainrange partioning life relationships at 16521 ara
1632F for n=-cast aluminum-coated alluy, Flg. 3.0514e.
3.051418 Inclastic strainrange vs, low-cyele fatigue life for each
partitioned strainrange component at 1409F, Specimens
from creep-formed (Gatorized ,+ )} turbine disk, Mg, 3,05143,
3,05144 Total strain range vs, low-cycle fatigue life at 1200F of
powder muetallurpy bars prepared by Pratt & Whitney
Gatorizing., v brocess a8nd tested unde~ rapid strain
cyeling, tensile stress-hbold, and tensile strain-hold,
Fig. 3.05144.
3.05145 Inclastic strainrange vs, low cyele fatigue tife at 12001
of powder metallurgy bars prepared by I'ratt and Whitney
Gatorizing 4y process amd tested wnder rapid straio cyeling,
tensile stress-hold, and tensile strain-hold, Fiu. 3.05145.

a.on Vinstie propertios
3,063 Poisson's rallo, 0,298
3,062 Dynamie modulus of clasticity, TFig, 3. 062,
4,063 Modu's of rigidity
)
4.0 FABRICATION
4.1 Strength of shaped parts
.11 Mechanical properties from R to 1300F of specimens

from the 10-12th st
Fig, 4,11,

1.12 Room temperalure tensile strength of fiv tree simulating
i hine blade attachment, Table 1,314,

g compressor of 1F100/1401 engine,

4,015 Crecp rupture ot 340I of [iv tree situleting turbine
blade attackment, Vig, 1,13,

4.11 Fatigue at RT wder combiued static ond vibratory stre s
of toebing binde Tir tree fastening, Table 124,

4.2 Welding and joining,

1.2 Weldments

4.211 Room temperature fenstle strength of weldment to

Waspaloy,
4, 212 Creep ruptu

able 1,214,
at 1yl of eleetrun beam weldment to

Waspitev, Table 4,212,
4,213 Fotigue al BT under ecombined static and vibratory stress
of clectron heam weldnen! to Wanpaloy, Table 1,213,
4,22 Brazed jnints k
1.221 Hoom temperature tensile strength of brized dachment
to Waspaloy, Table 1,221,
q.222 atigue at R under combined statie and vibratory stress E
of hraved joint simulating turbine Dlade fastening to 1

Waspuloy, Table 1,222,

1. 23 T honding

4.231 Tensile prapertivs al 1400F o TLE bomd het veen vast
atoy and wroughl Udimel 700, Table 4, 241,

L
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NiCo

NONFERROUS ALLOYS

Ni
15 Co
10 Cr
5.5 A! Alloy Ni-15Co0 -10Cr-£.5A1-4, 7Ti-8Mo-0. 95V
4 7 Tl Condition As Cast
" Original Inco | New Inco GE Rene' 100
3 Mo/ [source spec. (1960- | apec. apec
O 95 v 1965) also also C50T77C
- GE spec C50T| AMS5397
| 77A
IN-100 Percent Percent Percent
Min Max Min Max | Min Max
Cobalt 13 17 13 17 14 16
Chrominm B 11 8 1 9 10
Aluminum 5 6 5 6 5.3 5.7
Titanium 4.5 5.5 4,5 5.0 4,0 4.4
Alumirum + Titanivm - - 10 n - -
Molybdenum 2 4 2 4 2.7 3.3
Iron 0 ) 0 1 2 1
Vanadium T 1,2 .7 1.2 .9 1,1
Boren .01 .02 .01 .02 .01 .02
Carbon .15 .20 .15 .20 .15 .20
Manganese - - - .10 - -
Sulfur - - - 016 -
Silicon - - - .15 - -
Nickel Dallzmce Balance Balance
1 1
TABLE 1.04 CGMPOSITION
Ni-15C0-10Cr-5, 5A1-4, 7Ti-3Mo-0. 95V
AS CAST
40 |
O——————0-
l\o
32 ¥\<
[0 S - -
2
A RC HARDNESS
= 16
Q
m
8§ —
0
[} 400 800 1200 1600 2000
TEMY - I
FIG. 1,062 EFFECT OF TEMPERATURE ON HARDNESS
4, 3. 11)
coDE 4212

PAGE 6

REVISED: DECEMBER 1978

Ni-18C0-10Cr-5.5A1-4.7Ti-3Mo0-0. 95V

AS CAST(MELTED AND CAST IN AIR OR IN
VACUUM, AS INDICATED)

HARDNESS DETERMINED BY MUTUAL
INDENTATION

400

o -
-4
o o<

® 2

&

VACUUM MELTED
AND CAST
p

N

1N

IR MELTED N N

AND CAST N
AR

N

e
=3
r=1

>

[N

=)

=3
O

BRINELL HARDNESS NUMBER

100
1200 1400 1600 1800
TEMD - F

FIG, 1,063 EFFECT OF TEST TEMPERATURE (. BRINELL
HARDNESS, AS DETERMINED BY MUTUAT. INDEN-
TATION, FOR AIR MELTED AND CAST ALLOY AND
FOR VACUUM MELTED AND CAST ALLOY
(32, FIGS, 1,2)

© 1978, Belfour Stulen, ine,
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NiCo
REVISED: DECEMBER 1978 NONFERRQUS ALLOYS
L w VA
NI-15C0-10Cr-5. 5Al-4, T5Ti-3Mo -0, 95V T Ni
- AS CAST + AGE A$ INDICATED !
15 Co
//J 10 Cr
R MC T 55 Al
5| 47 Ti
i .

, é 3 Mo
= VYR - VERY RARE o5 V
= R - RARE
4 ml— M - MEDIUM — IN-100
3] A - ABUNDANT
5 VA - VERY ABUNDANT
L&
=
EL | g
m R
Q
& \

& \
\
\
MaBg [l
VR -1 ~ T
N 1
A N
1400F 1500F 1600F 1700F 1800F 1900F 2000F 2100% 2200F
96HR 721R 48111 46HR 24HR 16BR 8HR 6HR 21
AGING TIME AND TEMPERATURE -
FIG, 2,0120 EFFECT OF AGING TibiE AlD TEMPERATURE OM MINOR PHASE CONCRNTRATION
2, FIG.1)
Ni-1£C0-10Cr-5. 5Al-4. T5TL-3Mo-0. 45V
AS CAST, Nv = 2,60 (\V ELECTRON VACANCY
DENSITY)
EXPOSED 5000 HR AT TEMD INDICATED
VR - VEKY RARE
M - MEDIUM
1 VA - VERY ABUNDANT
| K - RARE
A - ABUNDANT
S

i

: H ] 1

| vl - .

| L

! .

' A

i

.

,

M - —

. k" MC

. !

' BE-— — 4 !

\ T
1 I
1 [l
\ | Y
. \
Vit i - ]
L] Jl
1400 1600 1non 2000
EXVOSTNE TEMP - ¥
FIG, 2.0121 EYXFECT OF EXPOSURE FOI 5000 TIR AT
VARIOE TTMPERATURES ON MINOR
PHASE CONCERNTRATION  (21,pp, 82, 84)
. ~ o -f h
. I R P P
©1978, Belfour Stulen, Lac, i ‘-/’ l _J_-' '\; 5 ot \9 CODE 4212
L ~d
PAGE 7




i5 Co

10 Cr
55 Al
47 Ti

095 V
IN-100

1800

TEMP - F

1600

‘-t:ﬁv ~
\~W .
1400 4__4: T~ N

NONFERROUS ALLOYS

Ni-15Co-10C -5, 5Al-4, 75Ti-3Mo-0. 95V (NOMINAL)
ACTUAL COMPOSITION FOR 2 LEVELS OF Nv
MED Nv (2.49):Ni-13,3Co-10, 14Cr-5, 5A1-4., 29Ti-
3, 55Mo-0. 96V
HIGH Ty (2. 65):Ni~13.3C0~10,12Cr-5, 6Al-4, 62T
3,61Mo-0,97V
ALL ALLOYS MADE FROM SAME MASTER fIEAT.
ADDITIONS OF Al AND Ti MADE DURING CASTING
TO ACHIEVE DESIRED LEVEL OF ELECTRON
VACANCY CONCENTRATION (Nv)
TESTED AS CAST OR FORGED TO PANCAKE IN
FOLLOWING 5TEPS:
1. EXTRUSIOM AT 2050F FROM 5 IN DIA INGOT
TO 3 1/8 IN STEEL PIPE
2. FLATTENED AT 2050F TO 1 3/4 IN DIA PAN-
CAKE
3, FLATTENED A’ 2050F TO 1 IN DIA PANCAKE]
4. FLATTENED AT 2050F TO 5/8 IN DIA PAN-
CAKE
TEST SPECIMEN 1/4 IN DIA BAR x 1 1/4 IN GAGE
LENGTH EXPOSED WITHOUT STRESS FOR TIMES
AND TEMP SHOWN

~— 25 CAST, FINE GRAIN - ---FORGED

| e et

|

NOg~ {0 47
.-~ "NOTE: Nv FOR
“~— FORGED ALLOY

i -2,49

—

10 102 103 104
EXPOSURE TIME - IR

"

FIG. 2,0122 TRANSFORMATION TO SIGMA PHASE FOR AS

CovE 4212

FAGE B

CAST AND FORGED ALLOY FOR TWO LEVELS
OF ELECTRON VACANCY CONCENTRATION
(2%,pp.14,19,23)

TEMP - F

REVISED: DECEMBER 1978

Ni-15C0-10Cr-5, 5A1-4. 7T1-3Mo-0, 95V (NOMINAL)
ACTUAT, COMPOUSITION FOR TWO LEVELS
OF Nv
MEDIUM Rv(2. 49): Ni-13.3Co-10,14Cr-
5. 6Al-4, 29713, 55Mo-0. Y6V
HIGH Rv(2.66); Ni-13,3/0-10,12Cr-5.6Al-
4, 69Ti-3.51Mo-0,97V
ALL ALLOYS MADE FROM SAMJK MASTER
HEAT. ADDITIONS OF Al&Ti MADE DURING
CASTING TO ACHIEVE DESIRED LEVEL OF
ELECTRON VACANCY CONCENTRATION Nv
COARSE GRAIN ALLOYS PREPARED BY
NORMAL INVESTMENT CASTING PROGE-
DURES; FINE GRAIN ALLOYS PREPARED
BY MOLD INNOCULATION
TEST SPECIMEM 1/4 IN DIA x 1 1/4 IN
GAGE LENGTH
EXPOSED WITHOUT STRESS FOR TIMES
AND TEMPERATURES INDICATED

P

1800 ——— =S -HIGH Ry ]
| - ; Ry
1700 F—n e ;?)Mmmm B
1600 |1
1500
1400 s "'ﬂ%CFINE
~ OARSE
~T1~. ‘
1300 STINE | I
20 100 1000 10,000
TIME, - IR
FIG. 2.0123 TIME-TEMUERATURE REYATION FOL THE
ONSET OY SIGMA PHASE PRECIPITATION
FOR MEDIDM AND HIGH KLECTROK VACANCY
(Fv) COMPOSITIONS, AND IN FINE AND COARSE
GRAIN 51%E STRUCTURE, @3,pp. 3,7, 8
200
Ni- 16Co-10CT 5,571 4, 75T1-3Mo-0, 95V
A5 CAST
190 /
180 /
: /
:
e 170 y
oo
1
e
fa
3’ 169 //
=4
[B]
ot /
Z:
ié 150
m THERMAL
CONDUGTIVITY
140 ]
130
120
1000 1200 1400 1600 18460 2001

TEMP -

YIG. 2,013 THERMAL CONDUCTIVITY (11p.€-15)

©@1978, Belfour Stulen, e,
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REVISED: DECEMBER 1878 NONFERRQOUS ALLOYS

R
¢.15
3 Ni-15C0-10Cr-5. 5A1-4, 73T -3Mo~D. 95V Ni
REF 4
Ni~15C0-10CT~5,5A1-1.75Ti-3Mo -0, 95V |
10 AS CAST L/ 15 Co
0 Cr
/ 0.14 47 Ti
] 3 Mo
" == "1 £
3 g IN-100 i 5
E w Y ' i
- [ th
v b =1
I« 0, 13
o & I i
. = @ 1
/ I B!
7 _ / = i
A = @ | B
8 0,12 |
] I ! '
1 MEAN COEFF OF THERMAL SPECIFIC HEAT i
3 LEAPANSION FROM ROOM T .
5 TEMP TO TEMY INDICATED \
3 — 0.11 L 1. i J
, 1000 1200 1460 1600 1500 2000 2200
7 -l 1 | ‘
0 100 860 1200 1600 2000 2400 PEMP-F :
y TR F FIG. 2,016 SPECLFIC HEAY (1) p.C-15
3 FIG. 2.014 COEFFICIENT OF THERMAL EXPANSION
1,p.C-14)8,p.10)
Ni-15C0-10Cr=5.5A1-1, 75Ti-3Mu~0, 95V
-8 A8 CAST
RUMERATOR = PHASES PRESENT IN SCALE
DENOMINATOR - PHASES PRESENT IN SUBSCALE
2000 I NIC 12041 NEOFNT T O NiALO 11 AleOy
i ~ Tioz1 TIN
3 ~ z
) . ~l— i
i —_—
. 5 _I -
E 231800 NiOINICrp04 + NiTiOy _
"3 = Al 0y 1 T Oy
~ . I
) 1600 NI ¢ Tichs (N1, Co)tH{NICo)C ra04 NEFi O]
\ ,\T);; + Ti0g ¢ TN
- 114y ] - . - ;
1 10 102 108 10t 109 106
TIME - MIN
§ FIG, 2,032 SUMMARY OF MALY STAGES OF OXIDATION (Gp, 98
]
» 1
H
. i
" ]
N 3
'. © 1974, Beliour Stulen, Inc, CODE 4212 i
K PAGE 8 1
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NiCo

NONFERROUS ALLOYS REVISED: OECEMBER 1978

Nl Ni-15C0-10Cr-5, 541-4, T5Ti-8Mo-0. 95V
; AS CAST
15 0
10 Cr 10,0 |
55 Al 2100F
o
47 Ti |&
14
3 Molf Pl
095 Vo™
| V- 5 g 2000F
1
IN-100 -
<
Q
= 0.1
=)
9
3 .
g OXIDATION
0,01
1 10 102 103 104 105
TIME - MIN
FIG, 2,035 TYPICAL PLOT OF WEIGHT GAIN VS TIMF IN STATIC
OXIDATION (6, D. 38)
T 14 L T
Ni -15Co-10Cr-5, 5A1-4. 7'11~-3M0-0, 95V
<3, AS CAST
-~
° 3
o [ﬁ
(3]
A
. o
b
1 2
4
S
I GAS
b 1 o
o =
o TESTED IN HIGH VELOCITY o
= STREAM OF NATURAL GAS [+
COMBUSTION PRODUCTS o
[1)) A— O
s =
r\\‘k\. -
Q
- <
10 ]
o
e
o
= 2000 5
3 =
) GAS &
&) X =
D‘.‘ N\
4 ‘\
o ~30 [-—  DYNAMIC OXIDATION
§ | | |
g LOSS OF METAL THICKNESS,
Q@ _gp)o-  ,o002 IN PER SIDE AFTER 1000 —_
o HOUR. EXPOSURE
-50 I L
0 200 400 [0 800 1000
TIME - IR
FI' . 2,034 DYNAMIC OXIDATION TESTS AT 1600F AND
18001 INDICATING COMPLEXITY OF PROCESS,
WEIGIT GAIN OCCURS AT 1600F, LOSS AT
2000 ¥ (G, pp, 131, 132)
coor 4212

raGe 10

OXIDATION

SPALLING

Ni-15Co0-10Cr~-5,5A1-4, 75Ti-3Mo-0, 96V

AS CAST

TESTED IN CYCLIC OXIDATION:

55 MIN @ 2000F IN OXYACETY LENE FLAME + § MIN
COOL TO 760F + REPEAT TEST EACH HOUR

CEMENTATION WITH NC-101, AN ALLUMINUM BASE
DIFFUSION COATING(SYLCOR DIV, SYLVANIA
ELECTHRIC PRODUCTS, ICKSVILLE, M.Y.)

)

R
N
B S R

0 '__"
~ O UKCOATED *\*

® CUALEDL PY
PACK A 7

I i N

0 100 200 oo 400
HOURS OR CYCLES

i

I

¥iG, 2,035 CYCLIC OXIDATION BEHAVIOR WITH AND WITH-
QUT PROTECTIVE ALUMINUN BASE DIFFUSION
COATING (7, pp- 33)(BH)

©1978, DBelfour Stulen, Inc,
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REVISED: DECEMBER 1978

Ni-15Co 10Cvr-5,5A1-4,75Ti-3No-0, 95V
A3 CAST

NIGH VELGCITY NATURAL GAS COMBUSTION
PRONUCTS AT 1800F

GRIT BLASTLED
{6541 10 RMS)

\
B!

=
=3
\\

(54 12 RMS)

WEIGHT CHANGE - Mg PER Cnt?

] 100 200 300 400
TIME - HR

FIG. 2.086 DYNAMIC OXIDATION AT 1800F OF ALLOY
IN TWO CONDITIONS OF SURFACE FINISH.
ROUGHER SURFACE PROMOTES MORE
RAPID OXIDATION (G, p. 162)

Ni-15C0-10Cr-5. 5Al-4, TTi-3Mo-0, 95V

0.1 x 1 x 2 CASTINGS

Re-25Cr-20A1- COATING APPLIED IN TW-)

STAG

4) Fe-Cr- SLURRY SPRAYED ONTO SURFACE,
COLD ISOSTATICALLY PRESSED AT 70KSI
PRESSURE,AND SINTERED AT 10~2 TORR,
2000 ¥, 4 HR
h) SURFACE THEN PPACK ALUMINIZ D) IN

FLOWING ARGON(. 018 ¥1% PER MIN) AT
20001 N VACK OF 98 PERGENT AlyOy
(-1.00 MESH POWDER), 1 PERCENT Al
(-100 MESH POWDER), AND 1 PERCENT
NaCl ACTIVATOR FOR 9 HR. IN THIS WAY
io l\-'l]»;/(:m2 WAS DEPOSITED 1'C PRODUCE
A FeAl 4 Fe-Cr-Al COATING OF AVERAGE
COMPOSITION Fe-250r-20 Al, AVERAGE
COATING THICKNESS 3 MILS

TESTED IN STATIC FURNAC [ AT 2000 F FOR
15 CYCLES OF 20 HES, AIRFLOW THROUGH
FURNACE .018 FT3 PER MIN, INSPECTED
AND WLIGHED AFTER EACII CYCLE

=
& |Fe-25Cr-4A1-2Y CLADDLIC FOR REFERENCE
g SEL ALSO FIC. 2,0391
a | TEsS1ED A7
2 | 2000 ¥ | -
T l Fo 25Cr-4AI-1Y CLAD
-
Qo - e
< FALUFe-Cr-Al ALUMINIZED SLURRY
= o | conrmc
A1l \DJL
[
ol |

[{] 100 Zon 300

EXVOSURE TIME - HIRR

FIC, 2.9371 CYCLIC FURNACE OXIDATION IN 20 HR
CYCLES AT 2000 F OF FeAliFe-Cr-Al
ALUMINIZED SLURRY OF AVERAGE
COMPOSITION Fe-25Cr-Al, AND COMPAR-
ISON WITH OXIDATION OF ALLOY PRO
PRCTED BY CLADDING OF Fe-25Cr 4A1 1Y

41, ppi. 3,4,18)

©1974, Belfour Stulen, Inc,

WEIGHT CHANGE - Mg Per Sq Cm

NONFERROUS ALLOYS

Ni-15C0-10Cr-5,5A1-4, 7Ti-3 N0 -0, 95V

0.1 x 1 ¥ 2 CASTINGS

NiAi SLURRY COATED IN TWO STAGES:
(2) Ni POWDER SPRAYED, ONTO

(b) SURFACE WAS TIHEN PACK ALU-

TESTED IN STATIC FURNACE A7 2000F
FOR 15 CYCLES OF 20 HIR.AIRFLOW
THROUGH FURNACE . 018 it2 PER MIN.
INSPECTED AND WEIGHED AFTER EACH
CYCLE

COMMERCIAL COATING I8 WIDELY USED
ALUMINIZED CONVERSION PROPRIETARY
COATING

COATING THICKNESS OF NiAl 1,6 MILS +
DIFFUSION ZONE OF 1,6 MITS

TESTED 4.
AT 20008

SURFACE, COLD ISOSTATICALLY
PRESSED AT 70 K5I PRESSURE,
AKND SINTERED AT 10-2 TORR,
2000F, 4 HR

MINIZED IN FLOWING ARGON

(. 0156 FT3 PER MIN) AT 2000F IN
PACK OF 98 PERCENT AlzO3(-1¢0
MSSH POWDER), 1 PERCENT Al
{-100 MESH POWDER), AND 1 PER-
CENT NaCl ACTIVATOR FOR 18 HH.
IN THIS MANNER 13 mg/amZ Al WAS
DEPOSITED TO CONVERT THE Ni
TO NiAl

4 4+

COMMERCIAL ALUMIREDE

BAL SLURRY COATING

100 240 300
EXPOSURE 1TIME - HR

FIG. 2,0372 CYCLIC FURNACE OXIDATION IN 20 1R

CYCLES AT 2000) OF NiAl SLURRY COATED

ALLOY WITH COMPARISON TO OXIDATION

OF COMMFERCIAL CONVERSION COATING
41, pp. 35.4,14)

Ni
i Co
10 Cr
55 Al
4.7 Ti
3 Mo
095 V

IN-100

cove 4212
pace 11

e

e . im
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NONFERROUS ALLOYS REVISED' DECEMBER 1978
Ni Ni-15C0-10CT~5. 5Al-4, 77i-3Mo-0, 95V
1 SIMULATED AIRFOIL SPECIMEN, SEE FIG, 2. 03111
15 Co COATED WITH NiAl SLURRY COATING APPLIED IN
TWO STAGES:
10 Cr 2) Ni POWDER SPRAYED ONTO SURFACE, COLD
55 Al EOSTATICALLY PRESSED AT 70 KSI PRESSURE
" R AND SINTERED AT 10-2 TORR, 2000 F, 4 HR
47 Ti b) SURFACE THEN PACK ALUMINIZED IN FLOW-
3 Mo ING ARCON (.018 FTS PER MIN) AT 2000F IN
PACK OF 98 PERCENT Alz03(-100 MESH POW-
095 V DER),1 PERCENT Al (-100 MESH POWDER),
AND 1 PERCENT NaCl ACTIVATOR FOR 18 HR.
IN=100 IN TIS MANNER 13 Mg PER CmZ Al WAS

DEVOSITED TO CONVERT Nl TO Ni Al, AVER-
AGE COATING THICKNESS 1.6 MILS + DIF-—
FUSKON ZONE OF 1,6 MILS

TESTED I'i{ HIGH VELOCITY (MACH I) JET AT 2000 F
IN CYCLES OF 1 HR AT TEMP + 3 MIN COOLING
IN AIR JET, SEE FIG 2, 03111 FOR DETAILS

COMMERCIAL COATING SHOWN FOR COMPARIBON
IS WIDELY USED PROPRIETARY A LUMINIZED
CONVERSION COATING

‘_i

COMMERCIAL ALUMINIDE COATING

I
<
=

WEIGHT CHANGE - Mg
%
=]

NIAI SLURRY COATING +
1 HR CYCLES HEAT 1 PR
«n 1 MACH 1, 2000 F COOL 3 MIN
-0 n -
1vo 200 $00

EXPOSURE TIME - HR
FIG. 2,0373 OXIDATION OF NiAl SLURRY COATING

IN MACH 1 JET AT 2000F WITH COM-

PARISON .'0 COMMERCIAL ALUMINIDE Ni-15C0-10Cr-5.5A1-4 TTi-3AMo-D, 856V

COATING (41, pp. 3,4,20) AS CAST WEDGE SPECIMEN AS SHOWN IN FIG.
2.03111 BARE OR COATED RY ELECIROLYTIC
FUSED SALT(EFSP) PROCESS WHICH META LLIDES
ALUMINUM DIRECTLY INTO SURFACE, PRO-
DUCING AN ALUMiNUM-RICH NiAl LAYER, OR
COATED BY COMMERCIAL ALUMINIDE COATING,

TESTED IN MACH 1 JET AT 1900F USING CYCLE
0 1 HR FOLLOWED BY AIR COOLING TO RT IN
3 MINUTES

SEE ¥IG. 2,03111FOR SKETCH OF SPECIMEN :
AND TEST DETAILS :

'OINT QF FUSED SALT
w0} -——F THERMAT. —{—~ ALUMINIDE COATING
FATIGUE

CHACK 3,

] NO CRACK Al
END OF TEST

-

&
-
:
5
7, Loo- NO CRACK ON PACK Al COAY
b .
= g - PACK ——— AT END OF TEST
: ALUMINIDE L900F
T S COATING 9001
9 . . 1
mA0r B |
= LAY
\ A BARE ALLOY
-5 — i
0 HO 160 240 320 400

EXIPOSURE TIME - DR

FIG. 2, 0381 HIGI! GAS VFLOCITY CXIDATION ARD THERMAL
FATIGUE CRACKING AT 1900F OF ALLOY COATED
1Y AN ELECTROLYTIC FUSED SATLT PROCESS
(METALLIDED), AND COMPARISON WITH CXIDATION ;
OF BARE ALLOY AND PACK ALUMINUM COATED
ALIOY, (43, pp.2,3,20)

CODE 4212 «w 1478, Belfour Stulen, Lic.
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REVISED: DECEMBER 1578

Ni1-15Co-10Cr-5, 5Al-4. TT1 3Mo-0.95V

AS CAST WEDGE SPECIMEN A5 SHOWN IN FiG,
2.03111 BARE, COATED BY COMMERCIAL
ALUMINIDE COATING, O COATED ELECTRO-
LYTIC FUSED SALT PROCESS(EFSP) WHICH
METALLIDES ALUMINUM DIRECTLY INTO
SURFACE PRODUCING AN ALUMINUM-RICH
NiAl LAYER

TESTED IN MACH 1 JET AT 2000F USING
CYCLE OF ONE HOUR FOLLOWED BY AIR
COOLING TO RT IN 3 MINUTES

SEE FIG. 2.03111 FOR SKETCH OF SPECIMEN
AND TEST DETAILS

80 +
POINT OF [
& STIIERMAL ¥ATIGUE CRACK
' 40 --PACK ALUMINIZED
23
g ] NO CRACK
o ¢ N FUSED SALT |
g \,  ALUMINIDE COATING
) - ! 1
& - 40—~ POINT OF THERMAL
# Y\ FA FIGUE CRACK 2000%
AY
\| BARE
~-80
0 80 160 240 320

EXPOSURE TIME - HR

FIG. 2.0382 HIGH VELOCITY OXIDATION AND THERMAL
FATIGUF. CRACKING AT 2000F OF ALLOY
COATED BY AN ELECTROLYTIC FUSED
SALT PROCESS(METALLIDED), AND COM-
PARISON WITH BARE ALLOY AND PACK
ALUMINUM COATED ALLOY. (43, pp.2,3,21)

T g T

Ni-15C0-16Cr-5.5A1-4, 7Ti-3Mo-0. 95V

1 x2x0,1INSPECIMENS

COATED BY ELECTROLYTIC FUSED SALT PROCESS
WHICH METALLIDES ALUMINUM DIRECTLY INTO
SURFACE PRODUCING AN ALUMWNUM - RICH

NICKEL LAYER

‘TESTED IN FURNACE STATIC AIR AT 20007 OR
2100F EITHER IN 99 PERCENT PURE ALUMINA
BOATS OR BY SUSPENSION BY WIRES O}

& PLATINUM/PLATINUM - 13 PERCENT RHODIUM
2t el

& l

& 2100 F

w0 I <l

= ™ 2000 F

e x

(") A

w 2000 ¥ \

E

-2 - — —-— \

E \\

& -4

0 80 160 - 240 320 400 440
EXVPOSURE TIME - IR

FIG 2.0383 STATIC OXIDATION AT 2000 AND 2100F OF ALIOY
COATED 1)Y ELECTROLYTIC FUSED SALT PROCESS
(META LLIDING) (43, pp.2,22)

© 1976, Bellour Stulen, Dic,

NONFERROUS ALLOYS

NiCo

Ni
% Co
1 Cr
47 Ti
3 Mo
T - - - T
Ni-15C0-10Cr-5.5A)-4, 7TTi-3Mo-1), 95V
AS CAST WEDGE SPECIMEN AS SHOWN IN FIG 2,03111
COATED WITH ELEC "ROLTIC FUSED SALT PROCESS
WHICH MET/ALLIDES ALUMINUM DIRECTLY INTO
SURFACE PRODUCING AN ALUMINUM-RICH NICKEL
LAYER
‘TESTED IN EITHER STATIC FUKNACE OR IN HIGH
VELQCITY JET AT MACH I, SEE FIGURES 2,03111
AND 2,0391
SPECIMEN FOR STATIC TESTS 1x 2 x 0.1 PLATES
SI'ECIMEN FOR HIGH VELOCITY JET TESTS WEDGES
(_E) AS SHOWN IN FIG 2.03111
o
£i.o o ———
a.,. 1 HR CYCLE
a / \<mcu VELOCITY
Lo (MACH 1) JET
ﬂ.
1.8 / \
B 2
o] 100 F
P
é (2 HR CYCLE)
o 4 4 1
; =STATIC (FURNACE), REMOVED AFTER EACPH
< 2 OR 20 HR CYCLES FOR INSPECTION
w 20 IR CYCLE | |
2 5 _1 1 ! 1
[ 80 160 240 320 400 480
LRICHUNE TIME - IR
¥IG, 2,0384 COMPARISON OF STATIC OXIDATION WITII
OXIDATION IN HIGH VELOCITY JET (MACH I) AT
2100 ¥ FOR METALLIDED COATING
(43,pw. 2,22)
cooe 4212
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NiCo

NONFERROUS ALLOYS

Ni-15C0-10Cr-5. 5Al-4, 7Ti-3M0~0, 95V
COUPONS 2 x1x 0.1 1IN

CLAD WITH FOILS OF Fe-25Cr-4A1-1Y OF THICK
NESS ., 005 AND .01 IN USING FACE SHEE1S AND
EDGE STRIPS. PRESSURE BONDED 2 HR AT
2000 F, 15 KSI PRESSURE

TESTED IN FURNACE AT 1400 F AND 2000 F
USING 1 HR OR 20 HR EXPOSURES. AFTER EACH|
EXPOSURE SPECIMENS WERE COOLED TG 212 F
IN 10 MIN BEFORE REINSERTION INTO FURNACE

TESTS AISO CONDUCTED ON CLAD SPECIMENS
OF CLADDING ALLOY

_'_"rv-'CLAD CLADIING ALLOY
.01 IN

—HEARE

\ 1900 ¥

ALL DATA 20 HR CYCLE EXCEPT AS NOTED

. — .01 IN

T
. 005 INICLA’DFV./.

!
ﬁ,.;vcu\n CLADDING ALLOY]

( (SUBSTRATE 5 AME ALLOY
<2 (]
N AS CLALD)
~BARE | | B
2000 Fl
0 80 160 240 320 400
TIME - HR

FIG. 2,0381 EFFECT OF CLADDING THICKNESS ON CYCLIC

Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN~-100

4

52

g

[:4

&y

©]

ER

E

E 2

0

-1

cooe 4212

OXIDATION OF Fe-25Cr-4A1-1Y CLAD ALLOY
AT 1900 AND 2000 F 42, pp. 2,3,29)

WEIGHT CHANGE - Mg PERSgCm

S

REVISED: DECEMBER 1978

Ni-15Co-10Cr-5, 5Al-4, 7Ti-3Mo-0, 95V
COUPONS 2x1x 01 1IN

CLAD WITH FOILS OF Ni-20Cr-4A1-1. 25 QF
THICKNESS , 002, ,005, AND 01 INCH USING
FACE SHEETS AND FIGE STRIPS. PRESSURE
RONDED 2 HR AT 2000F, 15 KST PHESSURE
TESTEDN IN FURNACE AT 1900F AND 2000F
USING 1 HR AND 20 HR EXPOSURE. AFTER
EACH EXPOSURE SPECIMENS WERE
COOLED TO 212F IN 10 MIN BEFORE
REINSERTION INTO FURNACE

BARE 1 R CYCL}.
.01 CLAD 1HR
05 1 HR
L002 1 HR
0L CLAD 20 IR
. 005 20 HR
002 CLAD 20 HR

[ B X JeReRo R

o R0
=t

v TAA.G_-q 7A_A X

»
]

1b00T

000K
BARE

0 80 160 240 d20 400

TIME - HR

FIG. 2,0392 EFFECT OF CLADDING THICKNESS ON

CYCLIC OXIDATION OF NI-20Cr-4A1-1.2:51
CLAD ALLOY AT 1900F AND 2000}
(42,pp.2. 3, 25)

© 1978, Belfour Stulen, Inc,




REVISED: DECCMBER 1978

© 1974, Felfour Stulen, Inc.

HT CHAXGE - Mg PER 5Q Cm

7

WEI

FIG, 2.0393 EFFECT OF CLADDING THICKNESS ON CYCLIC

NONFERROUS ALLOYS

INi-15C0-10CT~5, HA1-4, 7Ti-3Mu-0, 95V

JCOUPONS 2x1x0.1 IN

JCLAD WITH FOILS OF Ni-30Cr-1.48i OF THICK-
NESS . 002, .005 AND ,01 [N USING FACE SHEETS
JAND EDGE STRIPS PRESSURE BONDED 2 HR
JAT 2000 F, 15 KSI

[TESTED IN FURNACE AT 1900 AiND 2000 F USING
P20 HR EXPOSURES. ATFTER EACH EXPOSURE
FPECIMENS WERE COOLED TO 212 ¥ IN 10 MIN
BEFORE REINSERTION INTO FURNACE

TESTS ALSO CONDUCTED ON CLAD SPECIMENS
JOF CLADDING ALLOY

] | L 005

ALL CYCLES 20 IR .CL:\I)

. 002 CLAD

CLAD ON CLADDING
ALLOY J

BARE ALLOY-—- N

1900 ¥
|

CLAD ON CLADDING
W ALLOY (SUBSTRATE
SAME ALLOY AS CLAD)
|
095 TLAD “__—j'_‘

W .01 CLAD

T 2000 ¥

BARE f\L LOY

0 80 160 2410 320 400

TIME - HR

OXIDATION OF Ni-30Cr-1.48i AT 1900 AND

2000F 12,1, 2,3,33)

Ni
15 Co
10 Cr
55 Al
4.7 Ti
3 Mo
095 V
IN-100
conE 4212
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1978
Ni
B Co d
10 Cr ¥
55 Al i
. &
471 Ti ,
3 Mo L
IN-100 ,
{
Ni-~15C0-10Cr-5.5A1-4, 7Ti-3Mo-0. 85V }
AS CAST ALLOY MACHINED TO WEDGE BAR AS SHOWN IN FIG. 2,03111 1
7
COATED WITH CoCrAlY BY ELECTRON-BEAM-HEAT-SQURCE, PHYSICAT - &i
VAPOR DEPOSITION PROCESS., NOMINAL COMPOSITION OF COATIN; ¥
Co-22CT-14A1-0,1Y -
TESTED IN MACH 1 JET AT 2000 F IN HEATING CYCLES OF 1 HR, i
FOLLOWED BY COOLING TO RT IN 3 MIN
TOTAL THICKNESS | THICKNESS OF
TYFE OF COATING OF COATING OUTER ILAYER
IN IN
O CoCrAly LUUgh 10, wad <ut4d TO , 0048
) COMMERCIAL PACK ALUMINIDE | .0033 L0017
O NO PARTICLE EMBEDMENT L0017 L0012
60 -
SEE FIG, 2.03111 FOR
;o DESCRIPTION OF TEST
I‘ 40 c SPECIMEN
(&)
2 SPECIMEN EXPOSED TO
E CYCLE CONSISTING OF
Q 1 HR IN MACH 1 JET AT
; of—- CcT - 2000 F + 3 MIN COOLING
[ C-POINT OF APPEARANCE OF ne | TO RT
[ THERMAL FATIGUE CRACK
< NC-NO CRACK DURING TEST PERIOD
-40 ) s
0 80 160 240 320
EXPOSURE TIME - HR
FIG. 2,03101 WEIGHT CHANGE AND THERMAL FATIGUE CRACKING TENDENCIES
OF ALLOY WITH VAPOR DEPOSITED CoCrAlY COATING AND
COMPARISON WITH PERFORMANCE OF ALLOY COATED BY
COMMERCIAL PACK ALUMINIDE PROCESS (44,pp. 3, 18, 26)
t
cope 4212

© 1978, Belfour Stulen, Inc,
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. NiCo
REVISED: DECEMBER 1578 NONFERROUS ALLOYS
Ni
15 Co
0 Cr
47 Ti
3 Mo
IN=-100
Ni-15Co-10Cr-5&, 5A1-4, TTi-3Mo-0. 95V
AS CAST ALLOY MACHINED TO WEDGE BAR, AS SHOWN
EAPA(EMBEDDED ALUMINA-PARTICLE ALUMINIDE) COATING
APPLIED BY DUAL CYCLE, MODIFIED-PACK-CEMENTATION,
ALUMINIZING PROCESS. APPROX 15 V/0O OF 2 MICROMETER
ALUMINA PARTICLES ENTRAPPED IN COATING
TESTED IN 2000F, MACH 1 JET, HEAT 1 HR, COOL 3 MIN
THICKNESS OF | THICKNESS OF OUTER
TYPE OF COATING GOATING - IN | NA] TAYER - IN
S®k NO COATING
O EMBEDDFD ALUMINA-PARTICLE| .0005 TO .0015 | ,0002 TO ,000%
ALUMINIDE
& FPUSED SALT, ALUMINIZED .0025 L0015
A} COMMERCIAL PACK ALUMINIDE, . 0033 0017
¥/ NO PARTICLE EMBEDMENT 0017 L0012
380 —0F
~ |
NC SPECIMEN
0 ; EXPOSED TO
& 4 N CYCLE CON-
\ c N SISTING OF 1
i “ " HR N JET +
z Q Q COOLING 10
b a g RT IN 3 MIN
o 80 o gl 4.0
= Z &
= c =1 <t
Q < 5
E € - POINT OF APPEARANCE o e
OF THERMAL FATIGUE
-160 CRACK j 450
NC - NO CRACK DURING N L1
TEST PERIOD |
SPECIMEN IN 200GF JET
| | AT MACY 1 VELOCITY
-240 >
0 200 400
EXPOSURE TIME - HR
FIG. 2.03111 WEIGHT CHANGE AND TIERMAL FATIGUE CRACKING TENDENCIES
OF ALLOY WITH EAPA(EMBEDDED ALUMINA-PARTIC LE ALUMINIDE)
SUPJECTED TC 1 BR CYCLES AT 2000F IN MACII 1 JET BURNER, AND
COMPARISON WITH PERFOHRMANCE OF BARE ALLOY AND OTHER
TYPES OF COATINGS (44, pp. 2,18,22)
©1978, Belfour Stulen, Inc. CODE 4212
PAGE 17



NiCo

15

10
5.5
4.7

095

Ni
Co
Cr
Al
Ti
Mo
Vv

T

IN~-100

CODE

4212
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WEIGHT CHANGE - Mg

40

'
>
>

'
2
=3

NONFERRCUS AL

LOYS

REVISED: DECEMBER 1973

Ni- 15 Co-10Cr-5, 5A1-4, 7Ti- 3Mo-0, 05V

AND ALUMINIZING BY PACK PROCFSS.
FINAL COATING THICKNESS APPROX. 003 [N

2NaCl1-96A1p03, 2000F, 15 HR)

SEE FIG, 2.03111 FOR SKETCH OF SPECIMEN

=3

AS CAST ALLOY MACHINED TO WEDGE BAR AS SHOWN IN FIG, 2.03111
COATED WITH Pt-Al BY APPLYING A , 0003 LAYER OF Pt BY ELECTROPLATING

CERMET (1) : Ni-Cr-8i ALLOY CONTAINING TiBy AND TiN PARTICLES
CERMET (2) : Ni- Cr-ALLOY CONTAINING TiSig PARTICLES
CERMET (3) : CERMET (1) ¥ ALUMINIZING PACK TREATMENT - (PACK: 2A1~

FeCrAlY: PLASMA SPRAYED Fe~25CT-13A1-0.8Y, FOLLOWED BY OVER-
SPRAY WITH Al POWDER + (1100) F, 6 HR IN ARGON, THICKNESS
{.018) IN

NiCrAl (1) : PROPRIETARY ALLOY CONTAINING NO ADDED OXIDES

NiGral (2) :  PROPRIETARY ALLOY CONTAINING Y503 PARTICLES

CoCrAlY PHYSICAL VAPOR DERGSITED

-l g

i 8 g

v 73 T o g g

EXPOSURE TIM': - IR

=]
o
A
5 ty
L]
[
3
i t2
TRAILING EDGE =0
- CRACK TIME
UNCOATED pé L
CERMET () § + 7727w
CERMET @) b + NESIGNATES
do 1 CERMET ¢ B/ POINT OF
T-2000F LEADING ALUMINIDE I3} THERMAL
MACHI EDGE EAPA 278 CRACK
1 HR AT TEMP CRACK FeCrAly 7y
+3 MIN COOL NiCrAl (1) 22720
TO RT | NiCral 3y o
| ALLOY CoCrAlY mﬁ +
) WITH Pt- | Pt-Al GINIILILIV S, B
;\1(?0‘\'1"‘ 0 100 600
NG TIME IN MACH I BURNER AT
2000 F, 1 HR CYCLES
300 800 1200

FIG, 2,03121 TYPICAL WEIGHT CHANGE PATTERN FOR COATED ALLOY CYCLED ¥OR
ORE HR INTERVALS AT 2000 F, FOLLOWED BY COOLING TO RT IN 3 MIN

FIGITRE SHOWS DATA FOR PL-Al ALLOY WITIL
FOR SEVERAL OTHER ALTOYS

SUMMARY OF RESULTS
45,0p. 2,3,13,14)

© 1974, Belfour Stylen, Inc.
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. NiCo
REVISED: DECEMBER 1978 NONFERROUS ALLQYS
i - Alloy Ni-13C0-10Cr=5. 581 -4, TTi-3bio-0, 95V Ni-15C0-10Cr-5.5A1-4 . TTL 3Mo-0.95V .
B! Souree | Haynes (10) p. 6 SIMULATED AIRFOIL. SECTION,] TN CHORL, 2 IN SPAN, Ni
3 Codition | As Cast, Corrosion Tested () AVPROX 1/8 IN TIHCKNESS AT LEADING FDGE 15 Co
if Wt, Change (3) AS CAST
I Mg per Cm (Loss) TESTED IN HIGH VELOCITY GAS IIG(700 TPS) 10 Cr
i TTe 1.3 SKE FIG, 2.03135 FOR ADDTIIONAL DETAILS OF 55 Al
! Couting, - 3 0.5 IST AND MEASUREMENT PROCEDURES &
5 Couting C - 9 9,4 w0l - | 1;1900“} I ; 47 Ti
A (&) Exposed 1 br oin Nay,80, 4 0,3 percent. @ 8 DIM SA)/AIR 3 MO
NaCl at 16521, O 4 PDPM SALT/ATR 0 95 v
TABLE 2,03131 EFFECT OF CORUOSIVE EMVIRONMENT ) 8 T T OTA T CORROSION DEFINED 00
ON WEIGHT CIIANGE IN BARJ: AND Z AS AREA UNDER CURVE OF IN~-10t
COATED CONDITION 4 DEPTH OF PENETRATION VS
' | @ IN Juo _ TEMP, SEE FIG. 2,03135 AND
z ° 2.03136
Q
wv
g I
&=
£ |
O 41— F——
1 Q [
H . '
| pi INCO 713 LC
! o B10107 /)
& 2 — S Ay — PDRL 16
! O/ll\'lﬂl'f/ Ty PDRI. 161 —
i . INCO 13 LC S,/ /
° .
: I s} VDRL 161
0

M 10 12 14 16 18 20
WEIGHT PERCENT CHROMIUDM

FIG. 2.03133 CORRELATION SHOWING THAT LOW CORFOSION RESISTANCE
Ri-1iCo-10C -5, SAL-4, 711-8Mo-0, 95V OF ALLOY 1§ RELATED TO I'S LOW CHROMITUM CONTENT
] SIMULATED AIRFOIL SECTION 1 IN SHORD, (27, p.132)
2 IN SPAN, APT'RGX 1/8 I[N THICKNESS A'®
1 LEADING EDGE
k AS CAST
TESTED IN IIGH VELOCITY GAS RIG (700 fng)
E SEE FIG, 2.05135 FOR T¥ST DETAILS
JP-4R(V.168) - 8ppm SALT/AIR |
] OIID 412 AR 168) - 4ppm SAL™ /AR Ni-16C0-10Cr-5,5A1  7Ti-3Mo-0. 95V
X WENEER  JP-4(.025) - Sppm SALT/AIR S[MU.L.A'l:.l:.l) ALIRTOLI  ECTION,1 [’\ 9”()“9' ;
Lo JP-4(.025) - dppm SALAZAIR 2 IN §PAN, AVPROX 1/8 IN THICKNESS AT
3 LEADIRG EDGE |
: :i TOTAL CORROSION DEFINED AS AREA Asro . . .
10 41 p UNDEQ DEPTI OF UVENETRATION VS TESTED IN HGH VELOCITY GAS RIG(700 FDS
o A TEMI CURVE, SEE FIG.2.03135 AND SEE FIG. 2.08335 FOR g
A ool FICG, 2. 03136 ADDITIONAL DETAILS O 720
' H OF TEST AKD MEASURE-
Z d 1600 | ‘MENT PROCENUVRES U 700/0N]
@ 1 I ’ H v 1‘11'1‘1
g 4 | 4 ; { o & C 00258 W14y I a)p‘l).l(L
S Gi M 01658 (T1-4K) 72w b .
oo, j " = THW| 1800 ;
& s 8 1500 T Tm Tw— oo @ -0 PhRL — ‘
o UL 14 s 100 IRW 18y 1
@0 @ O @B 6 W & © loominvco 1sc 1
(@) B 1ooy () INCO T13C (i) 10U & 1+ 190D 1910 100 f,l\fi)(. {
(1IN 100 (N INCO TI3LC () 'rIW 1500 1400 MRS ) ) B it . i
() MAR-N 200 () PDRL 161 () IN 726X & 1% 16 20
) B 1u1o (hy PDRL 162 (X - 40 WEIGIF PERCENT CHROMUIUM
FICG, 2,03182 RELATIVE CORROSION OF VARIOUS SUPER- FIG, 2,631 CORRELATION SHOWING TUAT THE LOW
ALLOYS FOR TWO FULLS OF DIFFERENT THESHOLD TEMPERATURE FOR CORROSION
SULLFUR CONTENT AND TWO SALT'AIR RATIO IS PRINCIPALLY REL™ "ED TO IT8 LOW
CORTENTS @7, p.181) CHROMINM CONTENT @7, p. 33)
- AN .
@©197%, belluur Stulen, Inc. CODE 4212
PAGE 19




NiCo
NONFERROUS ALLOYS REVISED: DECEMEER 1978
. Ni-15Co-10Cr-5. 5AL-4. 75T -TMa-0. 85V Ni-15C0-10Cr-5. 5A1-4, 75T1-3Mo-0, 95V
Ni SIMULATED AIRFOIL SECTION,1 IN CHORD SIMULATED AIRFOIL SECTION,1 IN CHORD, 2
15 Co 2 IN SPAN, ADPROX 1/8 IN THICK AT LEAD- IN 8PAN, APPROXIMATELY 1/8 IN THICK AT
ING EDGE. LEADING EDGE
0 Cr TESTED IN HIGH VELOCITY GAS RIG(700 FPS) TESTED In bIo V’#jg”? E“t e oo ¥ p?
58 Al USING LOW SULPHUR FUEL(IP4 WITH , 025) USING HIGH SULPHUR CONTENT FUEJ. (P-4
" SYNTHETIC SEA WATER ADDITION TO COM- WIIH 0.165) . _—
47 Ti BUSTION GAS PRODUCED 4 & 8 PPM SOLID SEE FIG, 2’.041.3‘.) YOR ‘ADI')IIIO}\A‘L ])E’].A:I‘I.‘,
3 Mo SEA SALT AT INLET TEME. MEASURED BY OF TEST PROCEDURES AND MEASUREMENT
. 030 DIA HARDHNESS PLUGS IN CONTROL TECHNIQUE
095 V SPEC, CHECKED BY THERMOCOUPLES.
CYCLE: 1 MIN TO MAX TEMP + 10 MIN O ® PEAK METAL TEMP 1600F
IN-100 AT TEMP +1 MIN AIR COOLING TC REACKH A A» I’EfﬁK I\EETAL‘, TEMP ‘17501?
1000F OR BELOW. TOTAL TEST TIME 120 TWO TESTS AT EACH TEMP
HOURS | |
DEPTH OF ATTACK MEASUREMENTS MADE 16 T
BY METALLOGRAPILC AND OPTICAL OBSER- g
VATIONS ON SECTIONS 1/4, 1, AND 1 1/2 IN - A
FROM TIP OF AiRFOIL - 8 A
O @ PEAK METAL TEMP 1600F Q 4 PPM
A A PEAK METAL TEMP 1750F = 0 SALT
l——0O- AN, WA W
TWO TESTS AT EACH TEMP g A )
Iz \
‘6 s ’_ﬁ\a\
I = 16 ' 7 —/y A
=) THRESHOLD 8 PR
9q 8 ] & FOR K * ZSALT o
2] THRESHOLD~| A 4 A 4 FCORROSION . i
: s [
g 0 o 00 3 PPMSALT o
3 E o 1400 1500 1600 1706 1775
0 > a »
METAL TEMP - F
4 % 16 [ruRESnOLD A !
FOR A FIG. 2,03136 CORROSION (AS MEASURED BY DEPTH OF
o ) Ny o,
=y rCORRCSIONZ = A ATTACK) FOR ALLOY IN 700 FIS VRIOCITY
& ¥ T GAS JET USING DIGH SULPHUR FUEL (JP-4IY)
f Ja —
b 8 PPM SALT A _‘f WITH 4 P’'M AND 8PPM SEA SALT IN INLET L]
o — 1 AR @7, pp. 1-6,100,112) }
1400 1500 1600 1700 E
METAL TEMP - F
FIG. 2,03135 CUXHOSION (AS MEASURED BY DEPTH OF
ATTACK) FOR ALLOY IN 700 FPS VELOCITY 3
3 GAS JET USING LOW SULPHUR FUEL (J1'4) 1
4 WITH 4 PI'M AND 8 PPM SEA SALT IN INLET AIR
; 217, pp, 1-6, 76, 88) :
K
3
{
Source (16 pp 2,3, 7, 16, 18 B
Alloy Ni-15C0-100 -5, 5Ar-4, 7 11-3Mo-t:. 95
Coaling A1-Cr-Mn: 19001, 1.5 lir + 3 hr cool from pack + !
Conditic.  1G00F, 50 b, 3
Coating AEY No.32: RT application + 20801, 2 hr + 1600F, :
. 50 hr. 1
E Speci men Standard T55-A-9 solld turbine blades
Heat blades rotating at 1800 rpm In oy was-
fired furnace Lo 1900F, Spray with asplrated solution of
Test deionized water and 1.4 percent water soluble sodium sulfatel]
Conditlon 1.5 min heai + 0.5 mip gpray, obscrve every 100 eycles. :
Remove when total corrvsion area ot (011N ’
3 (9.1 IN on ench side) i
Av. No, cycles lo hot corrusion fatlure (6 apecimens) .
Coated with Al-Cr-Mn - 713
3 Coated with AEP No.32- 541
3
3 TABLE 2,03137 HOT CORROSION R TANCE OF THINWALL Ap.LOY )
4 . WITH TWO PROVRIETARY COATINGS [N 1900F CYCLIT
TEMPERATURE TEST
]
CovE 4212

© 1074, pelfour Stulen, Inc,
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REVISED: DECEMBER 1978 NONFERRQUS ALLOYS

15 Co

Ni-15Co-10Cr-5, 5Al-4, TTi-8Mo-0, 95V
1/4 DIA VINS, 1 1/8 IN LONG 10 Cr
AS CAST 55 Al
TESTED IN A TURBINE SIMULATOR TYPICAL OF MARINE $ERVICE 47 Ti
USING COMPLEX TEMPERATURE AND VELOCITY PATTERN ( SEE REF 29) 3 Mo
TEMPERATURES INCLUDE PERIODS AT 1006, 1600, 1500 AND 2000 F
VELOCITIES RANGE ¥ROM 163 TO 275 I PER SEC. SULFUR IN FUEL 095 V
AVPROX 400 PPM
. iN-100
-4
25 SURFACE SCALE
- RLMOVED AFTER
1 TEST. SCALE
N “‘ WEIGHTS :
F 20 =l CALCULATED 4
M FROM WFIGHT
MEASUREMENTS
15 r‘*‘* 1 H BEFORE AND
MEAN WEWHT AFTER SCALE
1 OF SCALE J J J REMOVAL, i
2 MG/CM? 1o — —
oL Tl |
& e | |=
51 — o bal — HalAH
Sl =SB E
£ T =28 SR EIEE 3
" Bl - ‘,’_‘. [ = 1A A A
NICKEL BASE COBALT
SUPERALLOYS BASE
3 FIG. 2.03138 COMPARISON OF HOT-CORRGSION BEHAVIOR IN A MARINKE T'URBINE
SIMULATOR WITH (THER NICKEL-AND COUALT-BASE ALLOYS (24, pp, 1-17)
¢
4
] Source . (23)p 9 _ -
Nominal: Ni-15Cu-10Cr-56,5A1-4. 7Ti-3M0-0, 95V
Alloy ¥or actual compositions see Yig, 4,024 1)
Condltion Ad Cast, Varfous Compositions

and Grain Sizes Noted
Test speelmen & test condition Yin din x 1} fn. G, L, teated at RT(@)

Level of eleelron vicaney concen- Fiy e(l) tn,) RA
tration, Nv, and grain size kﬁ} Pereent | Pereent
4 f.0w Nv, Fine Griatn Size ivi.o | iz 11 1
- Mcedium Ny, Fine Grain Size 112,56 9.5 8.0 !
High Nv, Fine Grain $ize os7 | 90 9.0
Low Nv, Cozrsc Graln Size 102, 6 9,0 .0
Medium Nv, Coarse Grain Size 00,8 7,0 9.0
Nigh Ny, Coarge Grain Slze w6,z a5 6,0 ‘
Min regnired by AMS hi397 1165.0 45,0 l 5.0 -

{1y Three alloys with minor vaslations by composition, achleved by
additiona of At & Ti to same master heat. Several levels of electron
vacancy concentration, Ny, desigmating tendeney to form sigma
precipitate, as dofloed in Flgures,

2y AN valuen shown avernge of Lwo tests except as designated,

{) Ome test only,

TABLE 1,02)  ROOM TEMPERATURE TENSILE PROPERTIFS OF AS
CAST ALLOY IN THREE LEVELS OF BLECTRON
VACANCY CONCEFNTRATION, AND AT FWO LEVELR
OF GRAIN 51728

@1974, Belfour Stulen, Inc. CODE 4212
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NiCo

NONFERRQOUS ALLOYS REVISED

: DECEMBER 1978

Suurse 24ypp 3, 4, 6, 8
Alloy Ni-15C0-10Cr-5, H5A1-4. TTi-3Mo-0, 95V (nominal), (&)
Condition Forged(l) and leat 'l‘rcutcd(z) as Indicated
Heat Treated T T+ 1350F, 1000 he | HT+ 1560F, 250 hr
Ti + Al Content (3)

Low Med | High Low Mod High | Low Med High
l-‘m ~(ksi) 188.5 183.5 |175 179 187 164 179.5 176.5 151.5
Fty - {ksl) 139.5 140,5 |141 144 142, .. 140.5] 124 323 120.5
0 (1.25IN) - percent 19 17.5{ 12,5} 12,5 | 13 5 22,5 | 20.5 3.5
RA - percent 15 14.5 | 11.6 12,5 17.5 8 21 18.5 4.5

Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100
Gooe 4212

(1) 5 in dia casting extruded to 3.15dia @ 2050F, Flattencd at 2050F to 1 3/4 thick pancake, then to
1 in thick pancake, then to 5/8 in thick pancake. Muchined to 1/4 in dia gpecimens x 1,25 in
gage length apecimens.
(2) 2215F, 4 ars + 2000F, 4 hrs + 1550F, 16 hrs + 1400F, 24 hrs,
(3) All three #lloys from same master heat, Additions of Ti & Al to form alloys of varying degree
of proneness to sigma phase precipitation, by controlling average eleetron vacaney concentration,
Nv:
Tow Nv=2.206 ; Ni-13.73Co-1C.26Cr~4,95A1-4, 08Ti~3, 66Mo-, 96V
Med Nv = 2,40 ; Ni-13,41Co0-10.15Cr-5, 36A1-4, 09 Ti~3, 55Mo-, 96V
High Nv = 2,59 : Ni-13.42C0-10,13Cr-5,46A1-4.63Ti-3.58Mo~1.01V

TABLE 3,022 MECHANICAL PROPERTIES AT ROOM TEMPERATURE OF FORGED ALLOY IN
THREE CONDITIONS OF PRONENESS 10 SIGMA PHASE PRECIPITATION,
PROPERTIES SHOWN AFTER NORMAL. HEAT TREATMENT AND AFTER HEAT
TREATMENT FOLLOWED BY EXPOSURK TO ELEVATED TEMPERATURE.

Alioy Ni-15C0-10Ct -5, 5A1-4. TTI-3Mo—0, U5V
Source @hpB
Condition Forgsd + H'l (22}51-‘. 4 hrs + 2009F, 4 brs 4 1550F, 16 hrs
+ 1100F, 24 hrs 4 Exposure as Indicaten)
Thermal AL+ Ti plu(ksi)('i) Fyy s o i, 25infh) | ia gl
Exposure Content i
a - .
As neat rew(l) - 185.5 139.5 19 15
Treated Medlum') | 143,56 1405 17.5 1,5
High® 175 141 12.5 1]
Exposed | _Low(l) | 37p 144 12,6 12.5
1000 hr @| _Medium 3| 187 142,5 18 17.5
1350F nigh(3) 164 110.5 5 8
Fxposed | Low(1} 179.5 124 22.5 21
250 hre Medium(2) 176,5 123 20,5 18,5
@ 16508 | prign(® 151.5 120.5 4.5 .5

{1) Sigma free

{2) Moderately sigma prone

(3} Very sigina prone, sce Table 3,022 for actun) compousitions
(4) Average of 2 tests

TADLE 3,023 EFFECT O TUlERMAT EXPOSULLE SUBSEQUENT
T0 HEAT TREATMENT ON ROOM TEMPERATURY
TENSILE PROPERTIES FOR FORGED ALLOY Wi'TH
THREE LEVELS OFF Al + TE CONTENT (ELECTRON
VACANCY CONCENTRATION, Nv, RELATING ‘1Y)
PROVENSITY TOWARD SIGMA FORMATTON)

©1978,

Twlfour Stuicn, e,




_ NiCo
REVISED: DECEMBER 1978 NONFERRCUS ALLOYS

Ni-15C0-100T-5, 5AL-4. 75Ti~tMa-0, 95V (NOMINAL) .
ACTUAL COMPOSITION Ni
LOW v (2,29); Ni-13.5C0-10,2 Cr -5A1-4,1671-3, 56Mo-, 98V 15 Co
MED v (2.49); Ni-13.3C0-10,14Cr-%, 5Al-4, 20Ti-3. 55Mo- . 56
HIGH Nv (2.65): Ni~13, 3Co-10, 12737, 6Al- 4, 69 11-3. 51Mo- . 57V 10 Cr
ALL CASTINGS FROM SAME MASTER REA'T, ADDITIONS 5 5 A‘
OF Al AND Ti MADE DURING CASTING TO ACHIEVE v
DESIRED LEVEL OF ELECTRON VACANCY DENSITY 47 Ti

vy 3 M
AS CAST + EXPOSURE TO 1550 F FOR TIMES INDICATED o

095 V
IN-100

TEST SPECIMEN 1/4 IN DIA BAR x 1 1/4 IN GAGE LENGTH

160

AS CAST
250 HR

2500 HR

2500 ER
e (1.25 V) - PERCENT

140

F1z0]

100

80

LOW MED HIGH LOwW MED HIGH

ELECTRON VACANCY DENSITY - Nv
¥iG, 3,024 EFFECT OF IDIOSURE AT 1550 F FOR 250 IIR AND WOH
2500 HH ON ROOM TEMPEKATURE TENSILE PROPER TIES
OF ALLOY WITH Al-TL COMPOSTFION VARIED TO ACHIEVE
TUREE LEVELS OF ELECTRON VACANCY CONCENTRATION,
Ny 22,0, 1-3,10)

Suurce o 28 pp 724,5,7
Atloy Ni-15C0-10Cr-5. 5Ai-4. 75Ti-3Mo-0, 95V (Nominal, sec actual below)
As Cast: NI-15.4Co-10,5Cr-5.55A1-4, 7271-3. 02Mo-1. 05V
¥M Powder: Ni-13,97Co-9.54Cr-0. 65A1~1, 82 13- 3, TuMo-155 ppm Oy
HM Powder: Ni-15.4C0-10.5Cr-5, 556A1-4. 72 Ti-3, 02Mo-1. 05V-53 ppm Oy
NM Powder: Ni-15.18Co-Y.4Cr-6. 51A1-4, 827T1-3, 08 Mu-, 99V-79 ppm Qg
¥M Powder 250 to 44 microns
Powder Size itM Powder -707 to 74 microns
NM Powder -500 to 44 microns .
HIP ¥M Vowder: Pressed at 23207, 25,000 psl for 3 br to strip 1 2 1.5 x 201N
P HM Powder; Frtruded to 3/4 IN Din fod, Pressed at 230014, 15,000 psi 1 hr,
Powder Consolidation  Extruded al 2000F with 12:1 Reduction
Direct Extr aded FM & NM Vowders; Extruded af 21501 with 20:1 Heduction to
1/2 IN Dia Bar x 7 Ft _7
Specimen Slze 3/B IN Dia Threaded Toosile Bar

Comporftion

NM(T)
M Powder M ¥M NM AR Grain
As 1IP t_fxtr As HiD As Extr As Uxtr | Coarsened
., kai 143 - 163 244 238 1u8

As Cast

Fty kat 136 - 137 175 1n 137
ofl IN) 4 - 8 20 ?1 14
RA, PERCENT 8 - 1o 16 17 7
Huardness IRC 32 41 19 43 4y 33

(1) Exposed 22701, 24 houra. Average grain size 1004 m, some goeains as lurge as 200 4 m

TABLE 3,025 ROOM TEMPERATUIE TENSILE PROPERTIES AND HARDNESS OF POWDER
. METALLURGY PRODUCT PREPARED FROM POWDERS OI" VAIIOUS COMPOSI'ITONS
AND GHAIN SIZE AND CONSQIDATED BY SEVERAL PROCESSES

® 1975, Belfvsr Stulen, Inc, CODE 4212
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NONFERROUS ALLOYS REVISED: DECEMBER 1978
. Alloy Ni-15C0-10Cr-5. 5Al-4. T'Ti-3Mo=-0. 95V} §
N! Source 19 pp 6, 7, 10 .
15 CO Condition Superplastically Forged(z). ASTM Grain Size 12-14 [ Ni-15C0o-10Cr-5, 5A1-4, 7TI-3Mo0-0, 95V
Heat Solutlonized at 2050F, Stabilized at 1600F and 1800F + ! AS CAST ]
10 Cr , |Treatment Precipitation Hardened at 1200F and 1400F 5 UNNOTCHED CHARPY IMPACT SPECIMENS
55 Al Disk 1 (499 - A2A) Disk 2 (499 - AZH) g 80 o R
. A | RT 1300F RT 1300F & J:CZZ\
47 Ti v, (ssl) 232,41 177.0 232.0 179.1 o .
Q . H
3 Mo| | ry s 164.5 152.7 164,9 156.0 Z 60 & — i
nes v e percent 22,0 14.0 22,0 14,7 & y B R SN\
LHA percent 22.2 22.3 21,5 16.4 x TESTED AT RT
’N -100 1) Typical composition: Ni-~18,5C0-12,4Cr-4.98A1-4,32Ti- € 40 -AFTER HOLD Al TEMP Ea—
1) 5
3.2Mo-0.78V-,97C-, 06%r-, 02B z FOR TIME INDICATED
. 1
(2) By patented Gatorizing-. Process ‘% 0 0 GRAIR SIZE <i/16
. . . . 5 a0 ® @ GRAIN SIZE >1/4
TABLE 3.026 TENSILE PROPERTIES OF SUPERPLASTICALLY o B T— O @ 500 1Mt HOLD AT TEMD
FORMED PANCAKE FORGING USED IN FATIGUE o O W 1000 HR HOLD AT TEME
CRACK GROWTH STUDIES z l
-
i

0 400 800 1200 1600 2000
HOLD TEMP- F

FIG. 3.0291 UNNOTCHED CHARPY IMPACT STRENGTH
AT ROOM TEMPERATURE AFTER BOLD FOR
500 OR 1000 HE AT ELEVATED TEMPERATURE
(4,p.11)

Mi-15Ce-10Cr-5, 5A1-4, 7Ti-3Mo~0, 95V
} TENSILE SPECIMEN 0,1 IN THICK x 0.1
WIDE x 1 IN GAGE LENGIH

COVERED ON MAJOR SURFACES (NOT EDGES)
WITH . 005 IN CLADDING OF Ni-20Cr-4Al-1,581
PRESSURYE BONDED 2 HR AT 2000 ¥, 15 KSI

4 PRESSURE
k TESTED IN THE AS-CLAD CONLITION WITHOUT
3 OXIDIZING, WITII EXPOSURE TO TEMP CYCLE H

It ARGON TO AVOLD OXIDATION, AND (N ‘
FURNACE OXIDATION

THERMALLY TREATED BARE
ALLOY (ONE 2 HR CYCLE AT
2000 F + ONE 400 HR CYCLE AT
1900 ¥ IN ARGON)

§

AS CLAD, NON-OXIDIZFI)

"

i

Ni-15Co-10Cr -5, 5A1-4, 71{-3Mo-0, 45V

|

® 1978, Belfour stulen, Inc,

- AS CAST
ig\-w A8 OXIDIZED IN FURNACE (400
f LA 1 HR CYCLES AT 190 F) :
160 - S i
g l | T ;
! 120} —— -—/ S N (G o NN U S L
o 1s g
0L o £ T W'ZI-‘ ]
Al /r
E / B i TS '
3 . O - =0 _ 1697F 1
3 5 ¢ 30 B g - ;/ ©
2 : L1 . ]
e 20 L Jw & / L~ 18321
i -
v 4 3 sof 4 AN 1 ﬂ(_4ﬁ “1,,.._
2 i —10 4
K ! ~.00z ~ l
] Y l_._ I\ 0 0 - | i
o Frpy e(l IN) STRAIN . j
FIG. 3.054111 STRESS-STRAIN CURVES FOR AS-CAST A LLOY !
FlG, 3,027 COMPARISON OF TENSILE PROPERTIES AT ROOM AND ELEVATED TEMPERATURES '
. OF ALLOY WITI Ni-20Cr -4Al-1, 251 (16 pp. 7,10, 115 REVISED BY PERSON- !
CLADDING ALLOY BEFORE AND AFTER AL COMMUNICATION, METCUT TO :
QXIDATION (42, 1p.2,3,20,29) MPDC 6-13-78) §
i
CODE 4212 !
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REVISED: DECEMBER 1478 NONFERROUS ALLOYS
w »
Ni-15C0-10Cr-5, 5A1-4, TT1-3M0~0, 95V Ni
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN GAGE LENGTI 1
JO COATED BY TRW WITH PWA A47 COATING PLUS 1% . Co
1975F, 4 HHS [N VAC, + RAPID ARGON QUENCH 10 Cr
" 55 Al
47 Ti
120 St 10F 3 MO
- 1562F 095 V
g
80 |- — 1697F IN-100
/ 1832F
40 .
. 004 pa—
0 ! |
STRAIN
FIC. 3.03112 STRESS-STRAIN CURVES FOR JO COATED ALLOY
AT ROOM AND ELEVATED TEMPERATURES
(6,pp. 7,10,123)
Ni-15C0-10Cy-5, 5A1-4. TTi-3Mo-0. 95V
CAST TO 1/4 IN DIA SPECIMEN x 2 IN GAGE LENGTH
AS CAST
160 -
140 '\7;@7
N
200 =T =T =T T I %B\/\, (<Z ~ Fru
Ni-15C0-10Cr-5. 5A1-4. TTH-3Mo-0. 95V 120 — "Dé/ f o
AS CAST — é\ A 5 2%
a ~ ﬁa
160 _I L 100 Q& QA
U T E Fiy
2 2
‘ T N
TY l"“'Lo\ = 80
120 [ == ]
I \ L
i3 60
&
. Mool \ %%}
80 T
40 —_ v 20
V7 5
10 — RA ] —. 6
< )i - 7 77wt g
T W L
[*"
= 91~ / > 12 -
o rd
. a RA / 7 /8 5
: L L7 )
i & ¢ ___J-—— 4 1%)« 8
g 10pT— — 0_
: c o - LYy
5 E‘:‘: e IN) < \
1]
o [} 100 1500 1600 1700 1800 1500
0 TEMP - F
1] 400 800 1200 1600 2000
{ TEMD - F FIG, 3.03122 TENSILE PROPERTIES OF AS CAST DAR AT ROOM
; F'G. 3.¢3181 EFFECT OF TEST TEMPERATURE ON AND ELEVATED TEMPERATURES(16,pp. 13,112,114)
) MECHANICAT PROPERTINS AS CITED
: BY ALLOY DEVELOPER “, 1.5
i
b
|
3
] :
‘ I
I ;
1
3 ©1978, Belfour Stulen, Inc. CoDE 4212
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| R
NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978
— T T ; Sourc 46) pp 2. 3, 7, 68, G9 B
. Ni-15C0-10Cr-5, 5A1-4, TTi-3, 0Mo-0. 95V ource (46) pp 2. 3, T, 68, G
Ni CAST TO 1/4 IN DIA BAR SFECIMEN x 2 IN GAGE [Alloy Ni-160-10Cr-6. 5A1-1. TTi-3M0-0,95Y
15 Co 160 LERGTH As Casl + Coated with Two Proprietary Coatings:
Sl JOCOATED BY TRW WITH PWA A47 COATING PLUS Condit.on Al-Cr-Mn or AEP No. 32
10 Cr 1975 F, 4 HRS IN VAC + RAPID ARGON See Fig. 3,0515 for Coating Cenditions
a - QUENCH 4 1 Specimen Type Simulated Airfoil, Sec Fi. 3.0518
55 Al 140 ’ Q\ t ARD No, 32 Couting AL-Cr—Mn Coating
4 7 Ti % FTU RT 1400F 13001 RT 14001° 18201
y 3 Iy m
3 Mo 120 Fo kb e 125.8 67.8 101, 0 110.4 8.4
095 V 5 _Zﬂ.[._/- S Fty"‘s” 108, 9 101.9 55,3 96.7 108.4 49.9
100 —— Foy e - e tiny
iN-100 . 3.7 3.1 3.2 1.7 - 5.3
; percent
0 (1) Average of two tests
e
o TABLE 3.03141 TENSILE PROPERTIES AT ROOM AND ELEVATED
TEMPERATURES OF THINWALL ALLOY COATED
60 - WITH TWO PROPRIETARY COATINGS
40 20
Ni-15C0-10Cr-5. 5A1-4, 75T1-3Mo-0, 95V
% x 1/4 x .040 IN SUEET
——& /u"‘,\ 16 AS CAST 4 CODEP C-2 COATING (AFPROX.
o - & 2 MILS) PARTIAL STRIV BY LOCALIZED GRIT
pd / 7 V ] BLAST;COMPLETE STRIP BY IMMERSION IN
— 8& / ~ 12 2 SOLUTIOR Ol 30 V/O HNO3 +1 V/0 TURCO
~, o 4104 FOR 1 HR.
o N \ RECOATING WITH VACUUM FIRED SLURRY
~ > < 8 SLIP PACK OF 56 Cr-44 Al
~_ b~ o IN) - OXIDIZED 150 HRS, 1750F
"“((‘ @ TESTED AT 1800F
" Y, 4
0 100 1500 1600 1700 1800 1900 Fpy OF UNCOATED ALLOY AT 1800F - 56,3 KSI
TEMP - F Fry OF UNCOATED ALLOY AT Ly00k - 41.2 K5I
e -
FIG. 3.03123 TENSILE PROPERTIES OF JOCOATED BAR AT ROOM <
AND ELEVATED TEMPERATURES (16 pp.13,121,122) e b 9
> S 0w
“0 0
O B <@ @t
by S O &y,
<@ O3 O 4=
0% ER Bp gt
3 2]
EJ ) o + % =R
B o+ S
. v SR
Source (38) p 95 p & E % 2y ool
Alloy Ni-15C0-1007-5, 5Al-4, 7T1-3Mo-0. 95V Eo B2 ahgaE
2150F 2 hr 2050F 24 hr | 1900F 24 hr & a & 3 ‘_’3 2 S g é
=
Condition As Caet | Rapid Afr Cool|Rapid Air CoollRapid Al Cool Q NDdd g = B 25 %0
¢ 2 bW = 2 "
| (1)' § E .a[—uax-—‘ oig*a
Mested at 1300F = é &80 4y Y mr AQ
F,, (ksl) 156 138 129.3 335.7 o B =993 ek lo Nl
. =] St gl < a3
p'y\ksi) 124,3 119 114.7 119.3 E 180 sl 8 PR 8 sgEgy é
¢ percent 8.8 6.0 4.5 3.7 S 120p- o e EA a7 g 89
RA percent 14.3 7.0 3.1 5.8 é 110 8 21568 9 N P O
- : ZH
(1) All values average of 3 tests. o 24 3 b o 9 ] E =
© 100 | o,‘é A 5] £33
TABLE 3.03131 EFFECT OF SEVERAL SOLUTION HEAT Bogole =]
TREATMENTS ON THE TENSILE PROPERTIES Wl |
AT 1300F & 80}~
(5]
Ao Lt
¥ry Fry
! TICG. 3.03142 EFFECT OF COATING, HIGH TEMPER-
ATURE EXPOSURE, AND SEVERAL
REPAR PROCESSES O TENSILE AND
YIELD STRENGTH AT 18001 COMPARED
70 A% CAST UNCOATED BASE MATERIAT
{25, 1. 36,115, 116)
L]
cone 4212 ©1978, Delfour Stulen, Inc.
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NiCo
"REVISED: DECEMBER 1978 NONFERROUS ALLOYS

-~ ]
NI-15C0-10Cr-5, A1-4, 75Ti-3Mo-0. 95V Ni
2 x 1/4 x, 040 IN BHEET 15 Co
AS CAST + CODEP C-2 COATING(APPROX.
2 MILS) 10 Cr
PARTIAL STRIP BY LOCALIXED GRIT BLAST 55 Al
COMPLETE STRIP BY IMMERSION IN SOLU- a7 Ti
TION OF 30V/0 HNOy 4 1V/O TURCO 4104 3 Mo
FOR 1 HOUR, RECOATING WITH YACUUM-
FIRED SLURRY SLIP PACK OF 56 Cr-44 Al 095 V
OXIDIZED 150 IIRS, 1750F IN~-100
o TESTED AT 1800F
=} ELONGATION OF UNCOATED ALLOY AT
[ 1400F - 5.6 PERCENT
4 3
3 &
= 2 - e
8|z 8. B, 8
b 2.8 E 85 &% &
ch % [ +3 A0 =
Q < O 2 ] O 6 <
Qa0 &S 9a 28,5, a8 *3w 93
15 00 @\ Mab We a& (O
o 160 | i3 SEd S+ B L d
Q A = 2
© 120+ §g 0 <R 8; AE  8°r
g 2O wi% gn Be JFB
i sl Sy “<++ 25 EH BE
2 — 55
ger_1l 1]
& [

0

FIG, 3,03143 EFFECT OF COATING, HIGH TEMPERATURE
EXPOSURIE, AND SEVERAL REPAIR PROCT! 3ES
UN ELAONGATIUN A 1BUUE CUMPAIKED TG AS
CAST UNCOATED BASK MATERIATA(25, pp.36,115,118)

Source {39) p 339
Alloy Ni-15Co0-10Cr-5, 5A1-4, TTi--8Mo-0, 95V ) )
Condjtion Powder Metallurgy product, deformed and heat treated as shown
. Extruded 10, 6 to 1 at 2000)1°,
Rolled 3 to 1 at 20001° + Extruded 10. 6 to 1 at 2000k
Extruded 14. 6 to 1 at 2000¥F,1 21501, 4 br, oil gquench + + Superplasteally deform-
Rolled 3 to 1 at 2000F 120017, 22 hr, air cool + #d 1007, in terslon ut 2000F
14001°, B hr air cool 1 2275Y, 56 hr, alr cool
RT
F‘u (ksiy 310 254, 6 170.7
Fty kai) 295.8 177.8 124.4
¢ pereent 12 27 10
RA percent B 25 13
1200F
Fiy tkal) 257.1 204, 8 163, 6
I-'ty (kei) 241.8 180. 6 125.2
¢ percent 10 15 8
RA percent 16 12 10

TABLE 3.03151 EFFECT OF REDUCTION PRACTICE AND HEAT TREATMENT ON T1E TENSILE
PROPERTIES AT RT AND 1200F OF POWDER METALLURGY ALTOY

©1978, Belfour Stulen, Inc, CoDE 4212
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NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978
I I T
Ni Ni-15C0-10CT-5, SAl-4, 75Ti-3Mo-, 95V
(Nominal)
15 co 1/2 IN DIA BAR
10 Cr AS EXTRUDED
SEE TABLE 5,025 FOR DETAILS OF POWDER
55 Al COMPOSITION, CONSOLIDATION
a7 Ti PARAMETERS, AND R.T. PROPERTIES OF
- ALLOY
3 Mo
-
IN-1C0 g
)
4 I'M AND NM POWDERS
M{-15C0-10Cr -5, 5A1-4. TTi-3M0-0, 95V = AS EXTRUDED
5 IN DIA PANCAKE FORGED FROM 1 3/4 DIA BARSTOCK » 100 =51
PREPARED BY "ALL INERT" P & W PROCESS § 5 ] P‘d%mm F——
HEAT TREATED BY MODIFICATION TO PWA 1028 o 1?1 AT
SPECIFICATIONS A R . —
2 Py Qﬁ‘zloor‘*—
.
& 22000 F 04—
104 102 102 101 1
240 STRAIN RATE-MIN-1
o FIG. 3.03153 FLOW CHARACTERISTICS IN TIE RANGE
~ AT LOW STRAIN RATES AND TEMPELA-
4 220 |~ TUNES WHERE SUPERPLASTICITY CAN
) R F BE ACHIEVED (28 p.Z-24)
- \ TU
[
B 200
;—‘7
o
¥ =
180 - N&
160
3 ——t O ]
4 o Fry
140 !
E
SPECIFIED MINIMUM PROPERTIES,
BY P&W FOR IN 100{ PWA 1028)
O DATA FROM "GATORIZED" N-15 Co-10C1~56. 5 Al-4, 711 3Mo-0, y5(NOMINA L)
172 INCY! DLA BAR
PANCAKE >
- AS EXTRUDED
SEF TARLE 3.025 FOR DETAILS OF DOWDER
' — I COMPOSITION, CONSOLIDATION PARAMETERS ]
3 7 o AND RT PROPERTIES OF ALLOY ’
1 (8]
& 10 N &* i
5 O FM POWDER i
GIJ 0 NM POWDER :
] 0 AS EXTRUDED :
¢ 400 800 1200 1600 ‘ !
3 TEMP - F ]
100 - 1900 F —_— :
FIG, 3, 03162 TENSILE PROPERTIES OF SPECIMEN FROM POWDER 51— 2000F = :
ALLOY PANCAKE AT RT AND 1300F, WITH COMUARISON Py 2100y _
TO PRATT & WHITNEY SPECIFICATIONS FOR ALLOY 8 10 R S —
35, FIGS, 1,2) s .
2t | N
1 L.
1004 109 1072 10l 10t 10
DEFORMATION RATE - skC' L
FIG, 3.03154 RELATION BETWEER STRESS AND HIGIL
DEFORMATION RATE AT 1900 TO 2100F {
- FOI ALLOY EXTRUDED DIRECTLY FROM
POWDER, (28, 1. 7-22)
CopE 4212 ©1978, Belfour Stulen, Inc. '
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
T T T .
Ni-15Co-10Cr-5, 5Al-4, 75 Ti-8Mo-0, 95% (Nominal) |_Source (26 p VIIL - 10 .
1/2 1N DIA BAR [ alloy N7 16C0-10Cr -h. 5AL-1, 75 Ti-3Mo-0, 95V i Ni
AS FXTRUDED Condition As Cust + 16007, 4 hrs, AC 15 Co
SEE TABLE 3,025 FOR DETAILS OF POWDEKR Test Condition 5000 psig
COMPOSITION, CONSOLIDATION PARAMETERS Yiclium Tiydropen 10 Cr
AND R,T. PROPERTIES OF ALLOY — RT 12501 RT 1250F 55 Al
Frg (h5D 118.5 To3.2  |107.5, 87,5 ] 99.0, 114.0 .
Fyp (ks 59, 1 101.8 ]106,5, 87.5 ] 99.0, 1061 AT T
’ 3 M
~ efl in), percent 0.5 2.0 3.0, 2.5 1.5, 2.0 0 9 \’o
P ¢ ! . 45 . 5
§ 1900F M & NM POWDERS RA percent 14.7 6.7 B 3.3, 0.5 2.0, 7.1 -
g J AS EXTRIDED TABLE 8,08171 TENSILE PROPERTIES AT R AND 1250F IN IN-100
B 20 f— 5000 psig i1 ELIUM AND HYDROGEN
g a
s .
- 2000F O el i
3 10— 00F (I N) —
zZ &) 4
S 2100F S
B
1073 1072 10-1 1 10

STRAIN RATE - PERCENT

¥1G. 9.3155 HIGH STRAIN RATE EFFECT O:f ELON-
GATION AT FRACTURE AT 1900 TO
2100F FOR ALLOY DIRECTLY EXTRUDED
FROM POWDER (28,p.Z-22)

Ni-lsCoquc.-‘s.s/\1-4.7'1'i-31\|u—0,n.;

AS CAST (MELTED AN CAST IN AIR OR IN
Ni-15Co-10Cr-5,5A1-4, TT1-3Mo-0. 95V VACUUM, AS INDICATED)

TENSILE SPECIMENS CUT FROM 2 1/4 IN DIA
OR 434 IN DIA BILLETS, AS INDICATED

PREPARED FROM POWDER PARTICLES DY "ALL
INERT" FOWDER METALLURGY PROCESS OF
PRATT & WHITNEY AIRCRAFT 120 g

e ]
VAC MELT
21/4 (N PILLET EXTRUDED FROM 5 IN DIA AR OAST
COMPACT 2

100 b AIRMELY N
4%/4 ™ WLLET X TRUDED FROM 10 1/2 IN AND) CAST
DiA COMPACT !

2 1/4 IN L B A ey A
pla BILLET (33) ‘ \d
B 1600 @
8 2 GO § - —m ] s N I
)
& .
g I
1200
ré 40 b JUSNS S S — (RS
E
3 sw
: ]
20 | - Rt Bl -
K 1 1
3 400
2
m
;i L
[ 0
[ 0 ) 1400 1500 1800 1700 1400
1900 2000 2100 TEMY - F
TEMY - F FIG. 3.0320 EFFECT OF TEST TEMPERATURE ON
COMPRESSION YIELD STRENGTH FOR AR
FIG. 3,08166 SUPERPLASTICITY EXHIBITED IV POWDER MEILTED AND CAST ALLOY AND FOR VACUUM
METALLURGY ALLOY (33, FIG. 3), (34, FIG. 3) MELTED AND CASY ALLOY @2, FIG 4, 5)
©1978, DBelfour Stulen, Inc. co
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NiCo :
NONFERROUS ALLOYS AEVISED: DECEMBER 1978
Ni N-15C0-10Cr-5, 5Al-4, TTi-3Mo-0, 95V
Ni-15C0-10Cr-5, 6Al-4, TTi-3Mo-0, 96V CAST TO 1/4 [N DIA BAR SPECIMEN x 2 IN GAGE
i Co AB CAST LENGTH
10 Cr CHARPY V SPECIMEN JO COATED BY TRW WITH PWA A47 COATING
PLUS 1575F, 4 HRS IN VAC + RAPID ARGON QUENCH
55 Al TESTED AT 1662F
47 Ti 26
3 Mo 4
085 V| b fam | )
' & 57 KSI H
IN~100 7 | COARSE GF/!.AI‘N & 46 KS1
g »2 (214 a / (AV OF 2 TESTS)
=] 1
g 10 = Z 4 ¢
i FINE GRAIN T=r E 42,5 KS1
2 (< 1718 IV) L 3 /
& ! RN g
& t RN S /
CHARPY V NOTCH 22 -
Py
| 5 1//
0 ) & 2
0 400 800 1200 1600 2000 5 / / e(2 IN)
TEMP - F . /=
0 209 400 600 800 1000
FIG, 3.0331 EFFECT OF TEMPERATURE ON CHARPY TIME - HR
V IMPACT ENERGY (4, p.12)
FIG, 3.0412 CREEP CURVES FOR JO COATED ALLOY AT 1562F.
(16,pp. 13,121,124,125,)
Ni-15Co-10Cr-5. 5A1-4. 7T1-3Mo~0. 95V
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 [N
GAGE LENGTH
AS CAST
‘TESTED AT 1697F
T T =Y T l =
N1-15C0-1001-5, 5A1-4, 7TT1-3Ma-0. 05V Z .,
CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN g 38 KSI
& | GAGE LENGTH AS CAST u
4 ! ) 25 Kst
(6] oz 6
EG E 27 KS
\ TESTED AT 1662 F < K1
Z o 4 ]
g . 43581 § b2 KsI
3 GOKSI G4KBI 48 K5I a 23 Kst
g | x -
41, 5K51 [
a2 B / /
By - [~ (%) /
N 4 // ./ L——
@ - | o :
Oo e 0 200 400 600 800 1000
0 200 400 600 80O 1000 TIME - HR
TIME - HR
. FIG. 3,0411 CREEP CURVES OF A5 CAST ALLOY FIG, 3.0413 CREEP CURVES OF AS CAST ALLOY
AT 1602F (16, pp. 13,112,114, 117) AT 1697F (16, pp. 13,112,114,115)
CooE 42712 ©1978, Belfour Stulen, (e,
PAGE 30

T e Pty




CREEP ELONGATION - PERCENT

REVISED: DECEMBER 1978

N =

CREEP ELONGATION - PERCENT
n

FIG. 3

2

0

N{-15C0-10CT-5, 5Al-4, TTi-3Ma-0, 95V |

CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN GAGE
LENGTH,JOCOATED BY TRW WITH PWA A47 COATING
PLUS 1975F, 4 HRS IN VAC + RAPID ARGON QUENCH

TESTED AT 1647 F

a6 KsI f ﬂ

32 Ks1

24,5 KSI

,4/ /' @

NONFERROUS ALLOYS

.0414 CREEP CURVES FOR JOCOATED ALLOY AT 1697F

200 400 600 800 1000
TIME - HR

(26 pp. 13,121,124, 126)

Ni-15C0-10Cr-5, SAl-4. 7Ti-3Mo-0, 95V

CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN GAGE
LENGTI JO COATED BY TRW WITH PWA A47
COATING PLUS 1973F, 4 HRS IN VAC + RAPID
ARGOR QUENCH

TESTED AT 1832F

CREEP ELUNGATION - PERCENT

Ni-15C0-10Cr-5,5A1~4. TTi-3Mo-0, 95V

CAST TO 1/4 IN DIA BAR SPECIMEN x 2IN GAGE
LENGTH AS CAST

TESTED AT 1832F

FIG

0
22 KS1 17 KS1 FIC
| 14 KSI
J lﬁ/KSI
] / owm
s il
0

200 400 600 800 1000
TIME - 1IRS

. 3.0415 CREFEP CURVES OF AS CAST ALLOY AT 1832F.
(16,pp. 13, 112,114,119}

© 1978, Belfour Stulen, Inc,

NiCo

CREEP CURVES FOR JO COATED ALLOY AT 1832F
(16,pp, 13, 121, 124,127)

Ni
15 Co
10 Cr
55 Al
47 Ti
3 Mo
095 V
IN~100

1000
conE 4212
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NiCo

Ni
5 Co
10 Cr
55 Al
47 Ti
3 WMo
095 V
IN-100

90

80

; 0.2 phg%‘if}; \\\1\\\
¢ GO .\‘ - ™ x _
' \l \\\ \

40 | ! 1 J >

cooE 4212

paGE 392

-
: [

NONFERROUS ALLOYS

REVISED: DECEMBER 1978

Ni-15C0-10Cr-5. 5A1-1, 15T} -3Mo -0, 95V
RUITURE AS CAST

100

/

T

CREEP

\ =
I PERCE]
.5 PERCENT\ !

\
CREEY
\:\ Nl
90 ; —
\ 0.2 PERCENT ] \
CREEP \~\ \ ™~
— e N
2 \ 0.1 PERCENT | T~ \\
80 CREEP - - -
[~ 1 \
. Rt
. ~ \‘*\\
\\ R ~ — \‘
~4 ~——
™~ \\ — ~—
70 —] -
CREEDP STRAIN AND CREEP RUPTURE
1350F
60 1 L ] 1 1
10 20 40 o 100 200 100 600 1000 2000

TIME - HR

¥IG. 3.0417 ALLOY DEVELOFPER'S SUGGESTED DESIGN CURVES FOR CREEP STRALN AND CREED
RUPTURE AT 1350¥ (1)

Ni-15Co-10C r-5. 541 =4 75T ~3Mo-0, 95V

\ AS CAST

RUPTURE

.

/

1 PERCENT

0.5 PERCENT&
CREEP

RE

/

]

-
0.1 PEKCE 'r\‘\\ \
CREED 1

CREEP STRAIN AND CREEY RUPTURE
15001

1w 20 40 GO 104 200 100 600 1000 2000 4000
TIME - HIR

FIC. 3,0418 ALLOY DEVELOPER'S SUGGESTED DESIGN CURVES FOR CREEP STRAIN AND CREED RUPTURE
AT 1500F [O)]

© 1978, Belfour Stulen, Inc.




) NiCo
REVISED: DECEMBER 1978 NONFERROUS ALLOYS

50 Ni-15Co 10Cr-5.6A1-4,75Ti-3Mo -0, 95V -
RUPTURE AS CAST 15 Co

: 1 PERCENT
! \\Q_REI‘:P\\ 10 Cr

- 55 Al
-~ - .
w0 Cef ey - 47 Ti
*\‘\-\ 1
0.5 PERCENT ~
< ___CREEP | T . 3 Me
.2 FERCENT~_| -l i S 095 V
® REED ~ -
5 I \4 )
30 = = e IN~-100
0.1 PERCENT 9 ~
CREED \ N ~ ™
\\\ ~—
20 - ]
-] ~
N I g
~~ \_: —
CREEP STRAIN AND CREEP RUPTURE T
17001
10 1 L .|
10 20 40 69 100 200 100 60U 1000 2000 4000
TIME - NR
FIG. 3.0419 ALLOY DEVELOPER'S SUGGESTED DESIGN CURVES FOh CREEDP STHAIN AND CREED
; RUPTURE AT 1700F )

40 —l
~ - RUPTURE Ni-15Cu-16C 105,641 L 75TE-3Ma-0 93V
- AS CAST
~ ~—
30 ~
O T = TERCENT
— ‘ w‘gp \\‘
0.5 PERCENT\V\\N T~ !
CREED — !
:\ﬁ\\ Dy N i
g 20 T~ I T i
PR CNT EP | .
0.1 PERCENT CHEEF \ ~— . \\ ‘\\
\ b ~] ~—~ i
“K, CREEPR I S !
10 - ~
< -1 = >~ i
~ - 1
S~ L}
CREF)P STRAIN AND CREEP RUPTURE
18001
| J (I
10 20 40 60 oo 200 100 600 104y 2000 4400
TIME - 1R

FIG,. 3.04110 ALLOY DEVELOPER'S SUGGESTED DESIGN CURVES FOR CREEP STRAIN ARD CREED RUPTURE AT 18001
(CH

——

-
©1978, Belfour Stulen, Inc. CODE 4212
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1378

~ 30
Ni
N1-15C0-L0C 1-5. 5Al~4, 75Ti-3Mo-0, 95V
15 Co — A8 CAST
10 Cr 20 T " ¥ J|_ ; | !
55 Al -—_RUPTURE [
47 Ti g ] ~\Nt CREEP STHAIN AND CREED RUDTURE
3 Mo \1\\%\ — 1900F
10 s B L1y
095 V T=
0.5 PERCENT cum-n\L\ —~—
IN - 100 l 1 PERCENT CREE?
N l |
19 20 40 60 100 200 400 (3411 1000 2000

TIME - IR

FIG. 3,04111 ALLOY DEVELCPER'S SUGGESTED DESIGN CURVES FOR CREEP STRAIN AND CREEP

RU

PTURE AT 1200F

4)

Ni ~15C0-10C v -5, GAL -1, 751 -3Mo -0, 95V
AS CAET
200 !
100 —— %
1350F PEPERSE L
50 4 = —_;__1-/- —Tt T
° —_ A - =
-1 15001 .
_ e 500 ‘ V"j ’_.’/ B
& 20 1700% 4 P
. -
I e . | —— 14—
N 100k~ ] 4
. L o
5 —=T = = /
- 19001
- MINIMUM CREEP RATE
2 ya
L ]
b
-5 -4 -3 -2 -1
10 10 10 10 10

MINIMUM CREED RATE - PRRU

TIENT PER HOUR

FiG, 3.04112 MINIMUM CREEP RATE CURVES FOR TEMPERATURES FROM 1350 TO

i cone 4212 |

1900F

{5)

©1878, Belfour Stulen, Inc.
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REVISED: DECEMBER W78

Alloy N1-15C0-10CT-5. 5Al-4. TT4-3Mo-0, 95 ¥ &) NI-15C0-10Cr- . 5AL-4, TTi-3Mo-0, 95V
Source {19 pp 6, 7, 10 CAST TO 1/4 A SPECIMER x 2 TN
5 » ; ) GAGE LENGTY
Condition Superplastically vl-orgtd AS CAST
ASTM Grain Size 12-14 *
Solutionized at 2050F, Stzbllized at
Heat Treatment: 1600F and 1800F, 1 Precipitation J l
Hardened at 12008 and 1400F 10
Digk 1 (499-A24) | Disk 2 (199-A2B) ‘
1300F | 1350F | LA00F | 13501 ” o) N 1 I\ERCENT CREEP _
80 kat | 95 hei | 8D ksi | 95 kst k R ]
Time to 0,1 Percent Creep, hr Z = 111,5 - START 3™ 3
Time o 0,2 Percent Creep, hr| 175.5 - 142.5 - 5o [TAGE CREED T \nmumm
Time to Rupture, hr S23s,2 | 28.0 |Dlds.z | 189 Pl
e at Fracture, Percent - 10.6 - . 7.6 \Z’A \\
RA at Fructure, Percent - 15.9 - 12.2 10 PR 1 PERCENYT CREED ~Tve
() Typical composltion: Ni-18,5C0-12.4Cr-4, 98A1-4. 32Ti~3, 2Mo- ~ \ 1562F
0.78V-,07C~, 062 r-. 02B @ RUPTURE
%) ST Am N
(b) By patented GATORIZING PROCESS B0 F3rd srAcGE
LuLhP e i o
TABLE 3,0421 CHEEP AND CREEP RUPTURE PROVERTIES OF -
SUPERPLASTICALLY FORMED PANCAKE FORGING = 18977
USED IN FATIGUE CRACK GROWTH STUDIES CENT CREEV (—EXQ\ \%h\cq RUPTURE
s STARY 374 STAGE CREER 1532 F
1) 1
20 50 100 200 500 1090 2000
TIME - HR
¥IG, 3.0431 RELATION AMONG START OF THIRD
STAGE CREEP, TIME TO 1L PERCEN1T
CREEP, AND RUPTURE TIME FOR AS
CAST ALLOY (16,p.116)
r T T ~T
NI-16C0-10Cr-5.5A1-4, 7Ti-3Mo-0. 95V
CAST TO 1/4 It DIA BAR SPECIMEN x 2 IN
GAGE LENGTIL JOCOATED BY TRW WITH PWA A47
COATING PLUS 1975F, 4 RS IN VAC + HAPID
ARGON QUENCH
70 |
}, -~ RuprTuU.
TUILE;
) ~.O~1 PER-
60 Sl CENT
DO RE
START ~L
srd STAGE  F
50 CRAKEPS —-
I SN
40 R
- LERD ——-ﬂ ~——
Y 1562 I
i RUPTURE
30
1 RERCENT CHEEP 2:\0\
20] A Dee ] i 1697 1
REE ST
STARY }J
Srd STAGE CHERP
10 ! j
20 ) 100 pALY oue lo00

@1978, Bellour Stulen, Inc.

NONFERROUS ALLOYS

FiG. 3, 0432

TIME -~ HIS

RELATION AMONG FIME OF ‘FHIRD S5 AGE

CREFY, TIME TO 1 PERCENT CREED AND

HUPTURE TIME FOR JOCOATED ALLOY
(L6, . 124)

cove 4212




NiCo
NONFERRQUS ALLOYS REVISED: DECEMBER 1978

15 Co

10 Cr
55 Al
47 Ti

095 V

Ni-15Co-10Cr-5. hAl-4, T51i-3Mo-0, 95V
2 x 1/4 x . 040 IN SHELT
AS CAST + CODEP C-2 COATING (APPROX £ MIL)
PARTIAL STRID BY LOCALIZED GRIT BLAST
COMP LETE STRIP BY IMMERSION IN SOLUTION
OF 30V/0 HNO3 +1 V/C TURCO 4104 FOR 1 HR.
REPAIRED Iy RECOATING WITH VACUUM
FIRED SLURRY SLLP PACK OF 56 Cr-44 Al
OXIDIZED 150 RS, 17508
TESTED AT 18005, 20 KSI
Fpy OF UNCOATED ALLOY AT 1800F - 56,8 KSI
Fpy OF UNCOATED ALLOY AT 1H00F - 41.2 KSI
¢@ M) OF UNCOATED ALLOY AT 1800F -
5.6 PERCENT
[
. s
w = Eas
“. O QI
G20 Cowm
= o4 m U ¥
% 59 o L
Q 2o T L FrE
5] L] Q a, [y
o S E gEEe
Sz, a ZEaD e o
OoR | W O F i g
A0 | HuaBY e E Blwe
P “‘-Vﬁ.:“‘mm 2 b g
sien | SeaEg e | HEhEE
SFgm |l JzraabE | 29MaEE
160 |- Ll 500de T A 4] ==
AESER | Z0zEEE S B9EZTE
140~ BBmwg, T:;”“"OJ";’ E‘ii:"-ugé
ao¥fE | DEEYBal 0z8 250
120 |- BAOEHEZO Hoeng i 20n a0
bod Ry <09 2w H LA
ORG asy Faphh ¢ Zonemb@
10}- 05225 ER Szrxfal| £4=43c
T ogsE0ak nacha |l 9Zo9oE 4w
g ol 4 ORPUY Leox Goo mo
™~ - =) i@ D R I -
| i ,'/"v’;fém%ja £Eg+09 EERAT B
. AL L=R 0 ) < .
<IN oslm«,g.,: Y t 44
A 28=2 -
£ | [Bzoo=8 z
40 Coug, 4
A b
- aiE
0 =y
TIME TO TIME TO REPTURE
1 PERCENT CREEL RUITURE BEIONGATION
DER CENT
FIG, 9.0441 CREEP AND RUPTURE PROPERTIES OF ALLOY
AFTER REPAIR OF OXIDATION DAMAGE AND
MECHANICAL DAMAGE EFFECTS (25,pp. 36,130)
CODE 4212 ©1078, Nelfour Stulen, Inc.
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NONFERROUS ALLOYS

100

! T ! j

1
100 HR
.\ Ni-15C0-10Cr-5.5A1-4. 75Ti~3Mo-0. 95V
90 | AS CAST _

\\\

10,000 HR

VAN

60
\ RUPTURE

NN \%
\ N\ _\ N

70

N \\\l
AN
N
20 < —
~ ™~ .
h ~N
\"L\ ~
10 —_— T % =T
~ -~
-
e
0
1300 1409 1500 1600 1700 1800 1900 2000
TEMP - F

FIG. 3,0451 TYPICAL CREEP NUFTURE PROPERTIES IN LIFE RANGE FROM
10 TO 10,000 HRS AT TEMPERATURES FROM 1300 TO 2000 F (4)

T T T o T i s e e

Ni

15 Co
10 Cr
55 Al
47 Ti

2 Mo
085 V
IN-100

conE 4212
PAGE 37
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NiCo

Ni
15 Co
10 Cr
55 Al
47 Ti

095 V

IN-100

cone 4212
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NONFERRQUS ALLOYS

70

Ni-15C0o-10Cr-5, 5A1-4, 7Ti-3Mo-0. 4bY
CASY 10O 1/4 IN DIA BAR SPECIMEN x 2 IN
GAGE LENGTH
AS CAST

M —

]
L] l 1562F

R

\j{,\o\ 1697F

T o

o —
g MDﬁﬂ_
20 —_—" ]
\'\'\A..\ 18321
15 =
N ]
50 100 200 300 500 1000 1500

RUPTURE TIME - HR

FIG. 3.0452 CREEI® RUDPTURE CURVES FOR AS CAST ALLOY

AT 15621, 169TF, AND 1832F (16,

pp.13, 116 120)

Ni-15C0-10Cr-5. 5Al-4, 7T1-3Mo-. 95
AS CAST

O  FINE GRAIN(Z1/16 IN)

® COARSE GRAIN(=1/8 IN)

V]

102 |- — b~y —— 1350F
R Fo——_ _ |
5 \\\\&- 15007
[~~~ O _ e
2l >~ U\o\o': 1700F
- ~ e
10 |- e
g O~ 1800k
wvor
r) —
2 -
1 I il . L
10 2 5 102 103 104

TIME - 1IR

FIG. 3.0453 CREEP RUPTURE DATA FOR

AS

CAST ALIOY AS DE1ERMINED RY
DEVELOPER 4, p. 6
—
' Sovrce (38) p 95 ]
Alloy

Ni-15C0-10Cr-5, 5A1-4. 71 Ti--3Mu-0, 95V

r Cond{tion

21501, 2 lr 1o00¥, 24 Hr
As Cast | 1apid Afr Cool{Rapid Aiv Cool

2000F, 24 Hr
Rapid Air Cool

Tested z\f“)
18001, 20 ksi
Life hrs

28.3 25.9
e, pereont 6.9 6,0 8.5 7.13
A, Iwruv'leL LA 10,7 11.5 9.4

31,8 32

REVISED: DECEMBER 1978

{1) AN va uel

B

erage of 3 teats

TADLE 3,061 FFFLOT OF SEVERAL SOLUTTON HE
MENGS ONTHYF CREBP-RUPTURE LIFLE AT 18001,

29 XSt

TAT TREAT-

JUTI ,.A..s‘u»..u_u




REVISED: DECEMBER 1078 NONFERROUS ALLOYS
il Alloy Ni-15C0-10Cr=5, iAl~4, TTi-3Mo -0, 95V .
Source Haynes (10 p 131 Nl
[ Condition As Cast (Barc or Coated As Indicated) 15 Co
34 kel 22 kel T7 ksi 13 kst
1700¥ 1800F 1850F 1900% 10 Cr
(a)
Bare Coated Bare Coated @) Rire Coated @) DBare Cumf.i{ 5'5 A l
Creep Rupture | o0, 53.7 122 129 224 170 180 210 47 Ti
[.ife, Hours 3 Mo
ef2in), 5.2 5.8 8.4 6.2 6.5 10 5.1 9.0
| pexcent 0 95 v
(3) llaynes C-9 coating i
TABLE 3.0471 EFFECT OF COATING ON CREEP RUPTURE PROPERTIES AT STRESSES AND IN-100

TEMPERATURES YIELDING CREEP RUPTURE LIVES Itd THE RANGE OF 50 TO 200 1HOURS

Ni-15Co 10Cr-5%, 9A1-4. TT-3Mu-0, 95V

CAST TO § IN BAR SPECIMEN x 2 IN GAGE LENGTH
JO COATED BY TRW WITH PWA A47 COATING +
1975F, 4 HRS IN VAC ¢ RAPID ARGON QUENCIH

28
1832¥F
h\\‘\
24 4 b —~——~a
' Ni-15Cr-10Co-5. 5A1-4, TTi-3Mo- 0, 95V RA
! CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN
{ GAGE LENGTH 20 /
) JO COATED BY TRW WITH PWA A47 COAT- [ ) —
: ING PLIE 1975F, 4 [IRS IN VAC + RAVPID %
{ ARGON QUENGH Q T 1697F
i & &
4 o
§' 16 - —_—_——
& 1 5621
) 70 o 1562F \
" - © o] 1562 F -1 ®
50
]
- ~—o — j R S——— — [ERSUN SN S, W—
D.‘\\d COTF c, RA
30 b 169TE O @ 15628
— - . D A 16T
w
0 W 183K
By f L~ .
""\é_,\{&ﬁiﬁ‘ E ————»A—J\— — ez 1INy PN U ——
15
ZJ‘N\_A
(L
10 —
4
50 100 200 3ov G00 1000 o 108 2 H00 1000
RUPTURE TIME - HR RUPTURE TIME - Hi
FIG, 3,0472 CKEEP RUPTURE CURVES FOR JO COATED FIG. 3, 470 CORREVATION BETWEEN DUCTILITY AND RUPTURE
ALLOY A3 1562F, 16971, AND la3zy TIME AY 15621, 1697F, AND 1R32F FOR JO COATED
{16,pp, 13,121,128) ALLOY 16, pp.13, 124)
©1973, Delfour Stulen, Irc. CODE 4212
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NiCo
, NONFERROUS ALLOYS REVISED: DECEMGER 1978

gty

e are L

! _ Source (6) pp 2, 3, 7, G4
‘ Ni Alloy Ni-15C0o-10Cr-5. 5A1-4.7Ti-3Mo 0,95V
AR Caat + Coated With Two Proprietary Coafings
! dit
i 15 Co Condltion Al-Cr-Mn and AEF No. 32 (sce Fig. 3.0515)
! '0 cr Specimen Type Simulated Airfoil, (see Fig., 3.0515)
AEP No. 32 Coating Al-Cr-Mn Coating
55 Al 1800F, 20 ksl 14,0F, 65 ksl | 1800F, 20 ksl Ti50F, 65 kel | 1450F, 50 ksl
- Crecp Rupture L

! 4'7 TI Life, lrs,
l 3 MO spec No,
! 1 61.6 166,9 27,9 27,9 401,17
N 095 V 2 54,4 141,3 19.8 101.6
] IN 3 21,0 31,5 7.1
i ~100 4 i7.9

5 13.7

6 10.0
| . Average (1) 23.5 90. 6 15,8 27.9 401,7
| e{lin)
‘ Percent
E spet Nn,
! 1 3.8 5.2 3.6 5.9 3.0

2 3.2 3.3 4.2 3.1
‘ 3 1.2 1,3 7.1
! 4 3.3
! 5 4.2

6 3.0

Average 3,0 3.3 5.0 5,0 3.4

(1) Based on Logy of Life (Averages of Log Life)

i TABLE 3.0174 CREEP RUPTURE LIVES AND ELONGATIONS AT 14501 AND 18001 FOR THINMWALL
i ALLOY COATED WITH TWO PROPRIETARY COATINGS
Alloy Ni-15Co -10Cr-5, Al-4,7Ti-3Mo-0,95V
Sovurce General . ectric, (12)
Condition As Cast
— A
1500
40 ksi 50 ksi
Life with signia 967 469
formatjon, hrs.
Fstimated life, no
sigma formation, 8000 2000

brs,

TABLE 3.0481 RENEFICIAL EFFECTS ON CREEP RUPIURE
BEHAVION ACH ED BY AVOIDING SIGMA

PHASE PRECIDITATION

Source (24 pp 3, 4, G, 14
Alloy Ni-15C0-10Cx-5. 5A1-1, 7'Ii-3Mu-0, 95V (Numin:mn) -
Cendition Forged and Heat Treated (1 ’
- Low Ny = 2.29 J“i\?&iiu’.?ﬁv 2,40 - Migh Nv - 2,59
Test Temp Time to Time W Time o T
& Streas Ruptureje(l. 25IN) RA Ruphire |1, 251N) HA Rupture je(l. 261m8) RA
(2) Iirg Pereent | Pereent Hrs Pereent | Percent Irs Poreent | Percent
1200F, 150 ksi 27 15 13 - - - - - -
12601, 95 ksi 14,005 2 2,5 12,027 3 2,5 3, 303 1 0
1300, 95 kei T05 2.5 1,5 877,56 D ] 639 5,5 7
1425F, 95 kai 19,1 3.5 2.5 39.1 7 i 19.4 9,5 1t '
15501, 40 ksi 1,337 5 1 1,307 5.5 H 310.6 il 12,5
1625F, 40 ksl 203 - 14 234 6 4.5 145 8 G.5
18001, 20 ksi 120 - .5 122 5 5 122 9 9,5 |
(1) See Table 3.022 for netual compositions, forging paramcters and heat Ureatment '

(2 Average of 2 teats in most cascn 3

TABLE 3, 0482 CREEP HUPTURE PROPERTIES OF FORGED ALLOY IN THREL CONDITIONS OF
PRONENESS TO SIGMA 1'SASE PRECIPTTATION

CooE 4212
PAGE 40
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REVISED: DECEMBER 1978 NONFERROUS ALLOQYS

Ni-15C0-10Cr-5,541-4, 7Ti-3Mo-0, 95V (nominal
ACTUAL: Ni-13.53Co0-1¢,2Cr~4, 99A1-4,16T1{-
3.55Mo-0.99V

AV ELECTRON VACANCY CONCENTRATION,

Nv : 2.2°

CIITICAL VALUE OF Nv FOR SIGMA FORMA -
TION, ACCORDING TO METHOD OF

WOODYATT, SIMS, AND BEATTIE : 2,32

ACCORDINGLY, ALLOY OF THIS COMPOs~

ITION IS NOT EXPECTED TO FGRM SIGMA,

FINE GRAIN ALLOY PREPARED BY MOLD

NiCo

MNi
15 Co
10 Cr
55 Al
47 Ti

095 V

INNOCULATION
TEST SPECIMEN 1/4 IN DIA x 1 1/4 IN GAGE IN=-100
LENGTH TESTED AS CAST
10t +
A
103 TN
SRV —
-4
i 102
)
a }0\
[y
5L Ae i
05
10 i X
5 50
30 KSL
2 S S Af—tﬁ—v———-—
3
1400 1600 1800 2000
TEMP - F
' Ni-15C0 10Cr- 5, 5Al-4, 7T5Ti-3Mo-0. Y5V(NOMINAT)
FIG. 8.0452 CREEP RUDTURE CURVES FOR FINE GRAIN ACTUAL COMPOSITION FOR 3 LEVELS OF Rv
T ALLOY OF COMPOSITION SUFFICIENTLY LOW LOW Rv(2, 28 Ni-13.6C0-10. 2Cr-5A1-4, 16 Ti-3. H5Mo-0. 98V
iN AL MJD ’IjiiT(V)r AYOID SI(;,MA PRECIPITATION MEDIUM Nv(2,49): Ni-13.3C0-18, 14Cr- 5. 5A1-4. 20Ti-3, 55\10-0, 86V
@3, pp.3,5,12) HIGR Nv(2.65): Ni-13,3C0~10.12Cr-5,6A1-4, 647Ti-3, 51Mo-0, 9TV
» PP3,5,
ALJL CASTINGS FROM SAME MASTER HEAT, ADDITIONS OF Al AND
Ti MADE DURING CASTING TO ACHIEVE DESIRED LEVEL OF ELEC -
TRON VACANCY CONCENTRATION(Nv)
AS CAST OR EXDPOSED AS SHOWN PRIOR TO TEST
TEST SPECIMEN ) IN DIA BAR x 1} IN GAGE LENGTH
EXPOSED 1550F FOR TIMES SHOWN, "TESTED A7 40 KSI AT TEMP
INDICATED
AS CAST
—-—AGF 50 HR
m— = =~ AGED 2500 HR
LOW Rv(z.29) MEDIUA Nv(2,49) HIGH Nv(2. 65)
10,000 —
40 KSL 40 KSI 40 KS(
1000 ,,_L\ -— 5
B \ "
N \\
~ ~
100 — > Sy ] |- -
153 ~ U
[+ S F
= ~. O
10 — - — N
~
~
1
1500 1600 1700 1500 1600 1700 1500 1600 1700
TEND - ¥
¥IG, 3,0484 CREFD RUPTURE CURVES AT 40 KSI FOR ALVOY YN THRERE
LEVELS OF ELECTRON VACANCY CONCENTRATION
ACHIEVED BY ADDITIONS OF Al-T1 10 A SINGLE HEA'T.
TESTED IN AS CAST CONDITION OR AFTER EXPOSURE
AT 1H60F FOR 250 ARKD 2500 HRS,  (22,1p.1-3,15)
©1978, Delfour Stulen, Inc. CODE 4212
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Ni
15 Co
0 Cr
55 Al
47 Ti
3 Mo
095 V
IN-100
cope 4212
PAGE 42

LIFZ - HRS

T e T R

NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni-1ACo-10Cr-5, 5A1-4, TTi-3Mo-0,95V (NOMINAL)

SEE FIGURE 3. 0484 FOR ACTUAL COMPOSITIONS OF ALLOYS OF LOW,
MEDIUM, AND HIGH ELECTRON VACANCY CONCERTRATION, ACIHIEVED
BY VARIATIONS OF Al AND Ti,

SEE ALSO TABLE 3,021 FOR OTHER DETAITS OF ALLOY PREPARATION,
AND SPECIMEN DIMENSIONS, RESULTS SHOWN HERE REFER TO FINE
GRAIN ALLOY STRUCTURES.

DATA POINTS SHOWN ARE FOR ALLOYS OF MEDIUM AND HIGH ELECTRON
VACANCY CONCENTRATION, DOTTED CURVES ARE FOR REFERENCE
¥ROM THE LOW Nv ALLOY WHEREIN NO SIGMA FORMS IN THE TIMES
SHOWN. ACTUAL DATA ARE SHOWN IN FIGURE 3,0483

CURVES FOR ONSET OF SIGMA PRECIPITATION ARE S8ASED ON FIG 2,0123
BUT CORRECTED RY ESTIMATION TO ACCOUNT FOR EFFECY OF STRESS

104 B— | T 10t y I r ]
——MEDIUM Ny(DATA SHOWN)| _ | —— IGH Rv(DATA SHOWN)
= |---LOW Nv(SEE FIG. 3,0483) | " | = |=~~=-LOW Rv@EE FIG. $.0483) 7
[ %
. \
2 401(8[\ \ : ]
)
103 3 ,,ﬁ ]
5 1 ONSET OF
A SIGMA (EST
| MATED)
2 \ /
Py - \ )
1 \
5 \ \‘\ \\ \
54— ] b
AN ZS A }
~ I a
: O ONSET 0 i\ (11
2 5 T OF 0 Ks1\ 7
KSI SIGL[A(ESTH\IIATED:)}KRY x/
10 I 1 | - 1
1400 1600 1800 1400 16h¢ 1500
TEMP - F TEMP - ¥

FIG, 3.0485 CREFP RUPTURE CURVES FOR FINE GRAIN ALLOYS OF LOW, MEDIUM,
AND HIGH ELECTRON VACARCY CONCENTRATION(NY), REPRESENTING
PROGRESSIVELY INCREASING TENDENCY TOWARD SIGMA PHASYE PRE-
CIPITATION, CURVES SHOW THAT STRONG TENDERCY FOR SIGMA
PRECIPITATION RESULTS IN REDUCTION OF CREEP RUPTURE STRENGTUHS,

@23, pp. 3,7,8, 13)

© 1978, Belfour Stulen, Inc,
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REVISED: DECEMBER 1978

NONFERROUS

ALLOYS

NL-15C0-10Cr~5, SAL-4. 75 Ti-3Mo-0, 95 V(NOMINAL)
N-13,97C0-2. 54Cr-5. 65A1-4.82Ti 3.70Mo-.17C-
. 0L4B-108ppm O2{ACTUAL Fpf)
Ni-15,18C0-9.40Cr-5, 81 Al-4. 827Ti-3. 08Ma-, 99V -
#178C-, 0168 . 067r-T4ppm O (ACTUAL NM)
Fi POWDER PARTICLE STZE: -250 TO 4
NM POWDER PARTICLE SIZE: 500 TO 444

EXTRUDED AT 2150F WITH 20:1REDUCTION TO
RAR 1/2 IN DIA x 7 £V

SEE TABLE 3,025 FOR RT TENSILE PROPERTIES
OF ALLOYS

Ni~15C0-10Cr-5. 5A1-4, 75 Ti-3Mn-0. 95V(NOM, )
1/2 [N DIA BAR x 1 IN GAGE LENGTH

CAST OR EXTRUDED AS INDICATRED

SEE TABLE 3,025 FOR DETAILS OF POWDER
COMPOSTTION, CONSOLIDATION PARAMETERS),
AND RT PROPERTIES OF ALIOY

AST: COARSE GRAIN(>3uv00 MICRON)

11 FINE GRAIN(c 1500 MICRON)

D GRAIN - COARSENED NM POWDER(100
MICRON)

O EXTRUDED - OVERACED NM POWDER
{# MICRON)

V EXTRUDED - OVEHAGED FM POWDER

{8 MICRON)

100 F—*——j[ —_t —
N
~ —
o - — 1800
2 4 e ro ol
< —
g
21~ m
3 -
10-1 g 10 102 103 104

TIME TO RUPTURE - HR

0,200 1A 8

O HELIUM

Ni-15Co- 10Cr-5.5A1-4.757T1-3Mo-0, 95V

AS CAST 1 1600F, 12 IR, AC

TION(CONSTANT CROSS SECTION) x
) IN GAGE LENGTH

@ HYDROGEN
O HYDRUGERNAVATER VAPOR

1e00 4 AS EXTRUDED
? O P\ POWDER 1
Y 1
2 - O NM DPOWDER 120 L
1o . 10967 — 1250F
v [ SU00DSIG
,@ Py O“\ZUUUF j 100 —r’
2 TESTS 2100F
10 352 1 O T
v ] 50 hd I — R e AT ey
2 — [ —
1 )
108 02 197 1 10 100 7 oo T
TIME TO RUPTURE - SEC
440 —
FIG, 3.0491 CREED RUPTURE PROVERTIES IN VERY SHORT l
TIME RANCE AT 1900 TO 2100F TOR EXTRUDED oo bee . e
ALLOY PREPARED FROM TWO LOTS OF POWDER )
(28, pp.%-4 TO 2-1, %-21) 0
0,1 1 e 102 103

TIME - HR

FIG, 3.04101 CREEP RUPTURE OF ALLOY IN HELIUM,HYDROGEN,
AND HYDROGER/WATEK VAPOR AT 1250F AND 6000

FIG. 3,492 CREEP RUPTURE CURVES AT 1800F FOR CAST

ALLOY OF VARIOUS GRAIN S[ZE, AND FOI

ALLOY EXTRUDFED FROM POWDERS(28, p.7-125)

©1978, Belfour Stulen, Inc,

PSIG PRESSURE

(26, pp. =18, VI- 13)

Ni
15 Co
10 Cr
55 Al
47 Ti

095 V

Alloy

NI 15Co~100r-5_5A1-1. TTi-3Mo-0, 95V

Sourcy

Havoes

Condition

As Cast, Tested at RT, RO, dinore”

Number of Cyeles To Pailure
atb 1 25 ksi, T0F

PBare
" -8 Coating
* Bending, R

10,2 x 10"
31,0 x 10° (ay of § tosts)
1

TARLE 3,05611

EUFECT G ALUMIRUM BASE COATING
ON ROTATING BENDING FATIGUFR
PROPERTIES AT ROOM TEMPFRATURE

IN-100

Cobe 4212

PAGE
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NiCo
NONFERROUS ALLOYS AEVISED: DECEMBER 1978

Ni Ni~15C0-10CT-5. 5Al-4. 75T1-3Nio-0. 95V
AS CAST + COATED WITH PWA 47-14L COATING,
15 Co COATING HEAT TREAT: 197SF, 20MIN + 1975F, 4 HR(Hy)
+ AGED 1600F, 12 HR
10 Cr
a7 Ti|
3 Mo
095 V| I ]
: 2.0 f— ; —
iy 1000F
IN-100 1.0 SL.—
= 0.4 ’—— .i__ —
o &
;_:) W2 - .48 __‘ 8
@ 0.1 p— L 10 @
4 1IN GAGE-—! a2
= LENGTH Ol UNIFORM SECTION — 40
= O
& B —z207%
Z u 1.0 é
£ ! ‘ o %
s TT—oag
A ® FA(LURE b
€ = ——— W FIRST CRACK AXIALR=-1 —} 0.2 n
<€
)
S 1 0.1:§ .
4.0 — =~ \ — !
2.0 |— Ry ° —
1.0
0.4
0.2 F— Ll ‘T
PR I Y 1 O N O N S R R W
1 10 100 1000 16,000
CYCLFS
FIG, 3.0512 LOW CYCLE FATIGUE CHARACTERISTICS OF SMOOYH }
HOLLOW SPECIMEN WITH ONE INCH GAGE LENGTH OF
UNIFORM CROSS SECTION AT TEMPERATURES FROM R A T
1000 TO 2000F [N STRAIN-CONTROLLED CYCLING Ni-15Co-10Cr-5, SAI-4. TTi -3 Mu-U. 95V
@, p. C-8, C-12) AS CAST + COATED WITH PWA 47-14L 3
COATING, COATING HEAT TREATMENT: i
“ 1075F, 20 MIN + IS75F, 4 HR (Hg) 4
Z 10 |- AGED 1600F, 1% IR — ]
= = h
E 4.0 o] | _,\___l ] i
v - ' i
20 | CYCLES | ~ N CYCLES TO FAILURE
o FIRST CRACK
2 1,0 _ ‘
g ™t B % :
oozl
&
w01 }—
3 —= 1IN GAGE f-
5 LENGTH Op
& UNTFFORM

‘_"\__s!-:(“ru N

.48

-, 32
dinmeler diameter

TWO GROUPS 1507 APART OF 6 NOLES EACI, HOLES
0,030 INCH DIAMKTER SPACED 0,120 INCH APART

! | ! I

1 10 100 100Q 10,000
CYCLLs

FIG. 3.0513 LOW CYCLE FATIGUE CHARACTERISTICS AT 17T00F OF

HOLLOW SPECIMEN WITH TWO SETS OF DIAGONAL

HOLES (1.p.CR,C12)

cone 4212
e a4

©1978, Bellour Stulen, Inc,




REVISED: DECEMBER W78

MAX STRESS

10-1

3

INELASTIC STRALNRANGE

1073

Ni-15C0-10Cr-5, bAl-4. 7T1-3Mo-0. 85V
AS CAST HOLLOW TUBUTAR SPECIMEN

INTERNALLY HEATED BY GLOBAR IIFAY-
ING ELEMENT,

TESTED AT 1700F

——— —

e

Npp, Nec, Nep
— Npc\

1 10 102 103 104
CYCLEFS TO FAILURE

1700F

FIG. 3.0514 STRAINRANGE PARTITIONING IIFE

RELATIONSHIPS FOR CARY ALLOY
AT 1700F (49, p.23)

Ni-1

COA'

5C0-10Cr-5. hAl-4, 7Ti-3n{o -0, 85V _1
SIMULATED AIRFOIL AS SHOWN
TED WIYH PROPRIETARY COATINGS AS INDICATED

AXIAL LOADING 1650F, A - 0,67

=ir

===

L0256 - .040

____ Al-Cr-Mn COATING, 1900F, |, =
1.5 HR + 3 1t COOL FROM 4
PACK +1600F. 50 HR '
o 10 E
0 =3 B
] B0 2
O—» ﬁ:
40 H ——— —da”
o AE)’ NO, 32 COATING,RT
' ~ _ AYPLICATION + 2080F,
N 2 IR 1 1600T, 50 IR
MML o4
20 — — %ﬁ
10 bl 1 I J T ST N I T
wd 2 5 104 107 10t 107 108

CYCLES TO FAILURE

FIG. 3,010 AXIAL FATIGUE AT 1650F OF SIMULATED HOYLLOW

AIRFOILS COATED WITH PROPRIETARY COATINGS
(46, pp. 7,83,54)

©1978, Belfour Stulen, Inc.

NONFERROUS

CYCLES TO CRACK INITLATION

NiCo
Alloy Ni-15C0-10Cr-h. 5A1-4. TTi-3Mo, 0,95V N-
Source Haynes (10) p. 10 i
Condgition As Cast, Tested in Thermal Shock (b) 15 Co
Number of Cycles to Cracking
_asor | 21008 1t Cr
Rare 500
aoo 55 Al
Coalinp C -9 > 500 (a) 200 4_7 Ti
Coaling C-3 - 200 3 MO
(a) "two tests, stopped at 500 cyeles, no cracking
(by Airfoil shape alternated for 60 scconds in furnace 0.95 V &
al test temperature, then 90 seconds in water spray i
IN-100 :
TABLE 3,052} THERMAT, SHOCK FATIGUE H
CHARACTERIETICS OF AIKFOIL E
SHAPE WITH AND WITHOUT o
ALUMINUM BASE COATING L
Ni -15C0o-10Cr-5,.5A1-4.7Ti-3Mo-0, 95V
SPECIMEN SQUARE PLATE 3 x 3 x . 060 [N WITH
CENTRAL HOLE 1/2 IN DIA
HOLE PERIPHERY HEATED BY NATURAL
GAS-AIR BURNER 10 1700F, 2 MN; COULED
BY AIR BLAST, 2 MIN.
2 #
w t S
1co r— = “a
« [ E
e / 4]
[
80 |- / ~ ﬂ
i
s
. w
60 L— o
= 4
40 3 4
I g 2 5
< o
< ]
2 2 il ls] |8
Ol g s S 2 3 3 4
x [ ~ — Q ~ o
y @l - ! P d o
N = = P2 <] 2 \
=
0
FIG, 4,0622 THERMAL FATIGUE RESISTARCE OT SQUARE
PLATE RAPIDLY HEATED AND COOLED AT
PLERIPIERY O CERTRAL HOLE, AND COM-
PARISON WITH THERMAL FATIGUE RESISTANCE
OF OTHER COMMONLY USED CAST ALLOYS
(o, p. 1H)
cooe 4212
paGge 45




NONFERROUS ALLOYS

15

10
5.5
47

Co
Cr
Al
Ti

095 V

iN-100

—]

Ni-15Co-10Cr-5, 5A1-4, 7Ti-3Mo-0, 95V

CAST + JOCOAT(ALUMINIDE COATING) 2100F, 2 HR+
1700 I, 16 IR

OR DIRECTIONALLY SOLIDIFIED(D:S) OR DSHJOCOAT
(2100F, 2 HR+1700F, 16 HR)

6 MIN CYCLES IN FLUIDIZ £D BEDS,

3 MIN AT 1990F

3 MIN AT GOOF

S
NASA TA7-BA DSIRT-XP COAT ']
MAR M200 DSINICrAlY OVERLAY
'NASA TAZ A DSINiCrAIY OVERTAY |
NX 183 DSRT-1A COAT
NASA TAZ-8A DS 1
NX 188 DS |
MAIL-M 200 Ds ]
IN 200 DSIJOCOAT
I 100 DS
NASA WAZ-20 DSHWOCOAT

B 1900 HU+JOCOAT

B 10004JOCOAT

_{

NASA TAZ-8A
NX 188 1RT-1A COAT|_
X 40
B 1901
IN 152
IN 100+JOCOAT
TD NiCr
IN 713C ]
MAR M509
I NX 188
| NASA VI-A__
NASA WAZ-20
RENY 80
;anx‘“’ . SEE FIGS. 3.03122 AND
m—vaa 3.(‘1312:5 FOR PROPERIIES
00 AR OF AS CAST ALLOY

WI 52
IN 100
[ MAR-M 200 | WJOCOAT
MAR - M 200
U 700 WROUGH'}

1}
.024 IN RAD

)]

pu

T
4

4

2

p—

WOCOAT

M 22

S
0 10

109 1000 10, 000
CYCLES TO FIRST CRACK

100, 000

FIG. 3.0528 THERMAL FATIGUE CRACK INITIATION OF AS CAST
OR DIRECTIONALLY SOLIIFIED ALLOY WITII AND
WITHOUT JOCOAT TESTED IN ALTERNATE FLUIDIZED
BEDS AT 1990 AND 600T. @1, pp. 17,19,24)

cove 4212

PAGE
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CYCLES TO FAILLRE

10

Ho0

102

A0

FIG. 3,050

¥1G, 3,0824

TR 2

REVISED: DECEMBER 1978

Ni-15Co-10Cr-6. 5A1-4, 7T1- 4 Mo-0, 45V

CAST 1 JOCOAT(ALUMINIDE COATING) OR
DIRECITTIONALLY SOLINMYIED(DS) OR DS
HIOCOAT

2100F, 2 HRI 17000, 1GHR

TFSTED IN FLUIDIZED BFDS

3 MIN AT 19001 FOLLOWED BY 3 MIN AT 6001
QR 3 MIN AT 20651, FOLLOWED BY 3 MIN AT
G70Y

SEE FIG. 3.0523 FOR SPECIMEN SRIETCH

N ) 16 +JOCO.
R1000+4JIM 1 JOCOAT

20

S —— -
10000\ Ty

BED TEMP - F
[ J10u0 AND 00
&= 2065 AND 675

NABA WAYZ_20+JOCOAT

MAR-M 2004JOCOA{
— ]

0 10 1o0 1000

CYCLES TO FIRST CRACK

1, 000

THERMATL FATIGU)K
AS CAST OR IR

CRACK INITIAVTION OF
TONALY Y SO|IDIFIED
ALLOY WEFTLARD WITHOUY JOCONT TESTED
TERNATE FLUIDIZED BEDS AT TWO
FNMPERATURES (51,1, 17-19,25)

Al 4L TTi-3Mo-0, a5y

NOWN

S, ENCOATED OR CONTED WLIH PRO
CARY JOCOAT ALUMINIDE CONING
SIONIN FLULPLIZ 2D JBEDS
WAL 10001 FOR EQUAL TINES (1 2
CYCLE TIAE SHowN)

[
CONTED
N ° »
,_\\ - ..{ —
\¢ }, B LR
I\
. . . B
} '
‘ }
e
UNCOATED L
1 I ~ 1
CYCLE TIME - MIN
EYFECT OF CYULE TINME ON FHERMAY FATIGUE

CRACKING OF CONTED AND UNCONTED WFDGES
ALTERNATE LY INVERSED X FLUIDIZ ED BEDS
AT GODE AMND Totn) 18, p. 66y

@ 1978, Belfour Stulen, Inc.




REVISED: DECEMBER 1878

NONFERROUS ALLOYS

.05 IN)

~

By T T
Ni-15C0-10Cr-5, 5Al-4, 7Ti~-3Mo-0. 95V
AS CAS'™ OR COATED WITH PROPRIETAKY ALUMINIDE
CAMHBERED AILFOIL A3 SHOWN (LEADING EDGE RADIUS

HEATED IN MACH I BURNER TO TEMY INDICATED FOR
3 MIN, RAPID AIR COOLED TG 167 F

%) «w— MAChH I
. A = FOLLOWED BY COLD AIl

JET FOR 3 MIN

JET TO 1€7 ¥
P f’j
5
104 = 'I
e
o
; |
E 103 o & .
o \l COATED
&
@. UNGOATEL N
0 102 - L 9
= ~Q
] ~
R
18 L
160y 1708 1800 1000 2000 2100

MAX TEMI - F
FIC. 34,0526 EFFECT OF MAXIMUM CYCLE TEMPERATURE ON
THERMAL FATIGUE CRACKING OF COATED AND
UNCOATYD AIRFOILS SIMULATING TURBINE BLADES
SUBJECTED TO MACIL I GAS FLOW FOLLOWED BY
HAVID AIR JET COOLING

(48, p. 655)

NL-15Cc-10C -5, 5Al-4.71-3Mo-0. 95V
CANT WENGE SPECIMEN, Sk
CAST 4 2100F, 2 HRS + 1700), 16 IRS.

AS HT OR COATED WITH COMMERCIAL
COATING (JO COAT) TESTED IN FLUID-
IZED BEDS, 3 MiIN AT GOOF, 3 MIN AT 1990F

CRACK GROVTIH RATE REFERS 10 AREA GRCWTH
AT EDGE OF WEDGE HAVING INITIAL RADIUS OF

FIG. 3.0625

@ . 024 IN
;‘ SEE FIG, 13,0528
-~
(8]
&
B 1071 -
o™
Q
4l
1072 4

CRACK GROWTH RATE
—
=
&

107

1 102

108

104

CYCLES 10O YIRST CRACK IN IINCOATED ALLOY

IIG, 3, 0827

RELATION DETWEEN CRACE GROWTIH RATI ARD

RESISTANCE 70 INI'TIAL CRACKE G IN THERMATL.

CYCILING

©19174, Belfour Stulen, Lixc.

{fn

TIME TC THERMAL CRACK - HR

ISOUI‘CL‘ (16) pp 2, _{_, 42, 43

JAlloy Ni-15Cu-10Cr-5_5A1-1, 77i-3Mo-0. 85V Ni
et ~Cr- - AT RV ”

Condition Couted with Al-Cr-Muo or ARIY No, 32, soae 15 co

Yig. 3.0515 for Coating Tr-atment

[Specinen Type Cast shinulaled nelfow airiol), see fig. 3,055
Sy

10 Cr

Mean (ensite stress of 1005 Fsi. 40 see, at

THERMAL FATIGUE OF THINWALL ALLOY
WITH TWO PROPHRIETARY JOATINGS
SUBIECTED TO 10,5 KST TENSILE MEAN
STRESS AND 'O TEMPERATV'RE CYCLING
FROM 20350t .

TABLE 3.0528

Ni-15C0 -10Cr 5.5A1-4. TTi-sbMo- 0,05V

AS CAST ALLUY MACIHENED TO WEDGE BAR
AS SHOWN IN FIG, 3, 0028

COATED WITH ALLOYS SHOWK IN F(G. 2,03121
TESTED IN MACIH L JET AT 2000F FOR CYCLES
CONRSISTING OF 1 HR AT TEMP 4 COOL 7O RT
IN 3 MIN.,

THERMAL CRACKING OBSERVED IN COATING
APFTER TIMES SHOWN IN FIG. 2. 01121
CORRELATION OF POINTR OF THERMAL
CRACKING WITH SLOI'E PARAMETER DEFINED
IN SKETCH BELOW

MG

A, DPOINT OF MAX WEIGIHTT GAIN

 _THERMAL FATICUE
N CRACK OBSERVED

3

]

' = IPOIeT OF RETURN
‘ TIMTL, w2 N 1o oRcinar.

%

&

[

~

l\\
'
1
1

i WEIGHT (28t
SIODPE PARAMET R S1LODE OF A
= MAX WEIGHT GAIN AT POINT A
11 1z
COATED "1 ’"'—j' -
SCATTHERBAND
O CORBELATION

WEIGH v CHANGL

MG/

1000

100 IRNCLUINNG RESULTR
s g } OF ANOTHER ALLOY
SORACTUAL PR (NARATRW VIA)
OF THERNAL CRACH BARE ALLOY

10 J 1 i "

-.01 -1 1.0 -1n

SLOPE PARAMETER -

BUM

MG I'ER I
FIG, 3, 0028 CORRELATION OF TIME TO INITIATH THERMAJL,
CRACI

1:”“_ . 2060F + 140 see, eovling with R'T air, Speclmen inspect- b's Al
onditions 4 i Bluoreseent Penctras aler every 100 cyeles 47 Ti
Specinen Cycles to Fatigue Crack
Conting (‘:mr,.t'rlsun wiﬂu_ﬁvi:sl nd 3 Mo
worst 2lloys teste
Best Worst 0'95 v
A¥D N 32 o 0!
Mumber Al-Cr-Ma | AED No. 32 I\:\';\:-::)‘VI;-ZA " J;(_:qgf) 1 IN=-100
1 4808 4000 9556 628
2 3080 RS B 8130 440
3 1320 1979 R130 340
4 16540 1997 7918 260
5 1547 1360 TO4Y 230
G 1406 9y G250 21n
T 685 811 2010 17y
Av, bised on
Log. cycles to 1834 1807 6406 296
failure

W H WETGHTT GALN S1O0PE PARAMETER

FOR ALLOY COATED IN VARIOUS WAYS(Unpp. 14,15)

TABLE I, ¥iG, 9)

cooe 4212
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NiCo

NONFERROUS

ALLOYS

REVISED: DECEMBER 1978

Ni Ni-15C0-10Cr-5.5A1-4, 7Ti-3Mo- 0, Y5V Ni-15Co-10Cr-5 S5Al-4. 7Ti-3Mo-0, 95V
WROUGHT BAKS PREVARED FROM PREALLOYED WROUGHT BARS PREPARED FROM PRE-
15 Co POWDERS ALIOYED POWDERS
10 c SOLUTIONED AT 2050F, STABILIZED AT 1600F AND SOLUTIONED AT 20508, STABILIZED AT
r 1800F, PRECIPITATION HARDENED AT 1200F AND 1400F 160NT AND 18001, PRECIPITATION HARD-
5_5 A' ENED AT 1200F AND 14001
" AT 1200F  Fyy - 230 KSI AT IZ00F o= 230 KT
47 Ti Frpy = 142 KSi Fpy - 142
3 Mo ¢ = 24PERCENT ¢ - 24 PEKCENT
RA = 25PERCENT o 2.0 f——————— RA - 25 PERCENT —
095 V 1200F “ SEF FIG, 3.0534 FOR PATTERN OF STRESS
i 0.3 Hz. 0 VARIATION DURING TEST AT EACH
IN=-100 CONTINUOUS CYCLING, g L6 STHAINRANGE ]
7ERQ MEAN STRAIN B !
o Lz CONTINUOUS CYCLING .
%] 15 MIN DWELL 0,33 Hz 1200
P4 . - .
AT MAX STRALN .
0.8 e
-
z n
— G4 -
g 7
) 4
RN S *—& - 0 b I | 1. |
220 1.48 1.25 I [y 1022 5 g0t 2 5ol 2 6 b2 5 gef
= o , S 0.80 CYCLES TG LOAD DROD
& PEROENT PERCENT } PEHCENT
@ 160b— 1,42 1.0 FIG, 3,0533 LOW CYCLE FATIGUK AT 1200F OF POWDER
& PERCENT | [PERCENT METALLURGY BARS PREPARFE BY PRATT AND
2] ] WHITKEY ATRCRAFT GATORIZING,, PROCESS
DATA POINTS REPRESENT CYCLES TO 5
100 { H 0004 —— PERCENT LOAD DROP 47, Y¥IG, 14)
é) J} PERCENT
! L. 1 L L
1 02 5 3902 5 1922 5 1982 5gpd Z 5 g5
CYCLES
¥IG, 3,0531 STRESS RANGE VARIATION DURING LOW CYCLE
FATIGUE TESTS AT 1200F OF POWDER METALLURGY R B} .
- § A > L Ni-15C0-19Cr-5,5A1-4.7'fi 3Mo- 0,
]fAIR‘?-. PRL‘Z:M;:D BY TRATT AND wijE;IGgguo COMPRESSOR DISK FROM 10 - 12th SpaGi o
IAING PROCESE ©7, FIG. & FL00/F 401 ENGINE, APPROY 17 1N DLA
PRODUCED FROM "ALL-INERT™ POWDER BY
- PRATT AND WHITKEY ABCRAIT GATORIZING,
Ni-15C0o-10C r-5. 5A1-4, TTi~3Mo-0. 95V PROCESS
WROUGHT BARS PREPARED FROM PRE- HEAT TREATED BY MODEFICATION OF 1WA
ALLOYED POWDERS 1028 SPECIFIC ATIONS
SOLUTIONED AT 2050F, STABILIZED AT SEE ¥FIG, 4.11 FOt ‘1 ENSILE PROPERTEES OF
1600F AND 1800F, PRECIPITATION HARD- ALLOY FROM COMPRESSOR DISK
ENED AT 1200F AND 1400F
AT 1200F FTy = 230 KSf 1200F CYCLING FRON ZERC TO MAX STRAIN
Fry = 142 KSI he
¢ - 24 PERCENT e
RA = 25 PERCENT G
2
i
A A
& 2.0 4 Jo- !
[5] |3
: n 5
o .61 | w2 | —_ ey 4
! G
5] CONTINLUOUS CYCLING -
Q1.2 ‘—931r —*!x:‘ 0.33 Bz~ 1 ] f'é
é 15 MIN DWELL \T ] t
] N ST -
; 0, 5 | AT MAX STRAIN or 2 / I \
= | — STRAIN
5 ’ 8 -+ STRA
[N - . —
w L200F - l .s|-nmu~ M‘\S’I'
| [ ! - DN
0 L1 | L o — 50 100 LIS VIS 5 2
w2z 5 10 10t 109 1o CYCLES T0O FAILURE
CYCLFS TO FAILURE
i ] FIG, 3,0534 LOW CYCLE FATIGUE A 12002 OF SPECIMEN
¥IG, 38,0532 TOW CYCLE FATIGUE AT 12001 OF POWDER FROM POWDER METALLURGY COMDPRESSOR DISK
METALLURGY BARS PREPARED BY PRATT AND @6, FIG. )
WHITNEY GATORIZING _PROCESS, DATA POIN 8
REVRISENT CYCLES 10 COMPLETYE FRACTURE
(37, VIG, 15)
COoDE 4212 @1Y7e, Belfour Stulen, Inc.
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AEVISED: DECEMBER 1278

NONFERROUS ALLOYS

Ni-15C0o-10CT-5, 5A1-4, 7T1-3Mo-0. 95V
POWDER METALLURGY TURBINE DISK AND
FLAT DISK FORGING PRODUCED BY PWA
GATORIZING,, FORGING PROCESS, WITH THE
FOLLOWING TENSILE PROPERTIES:
Wr: Fpy = 230 KSI, Py = 141 KSI, e =24
PERCENT, RA 24 PERCENT
1200F : Fpy = 185 KSI, Fry - 142 K8, ¢ =
24 PERCENT, RA 25 PERCENT
1350F: Fpp = 160 KSI, Fpy - 137 KSL ¢ =
19 PEKCENT, RA= 23 PERCENT

TESTED USING WOL SPECIMEN A8 SHOWN

NiCo

15 Co

IN-100
10-3
R ().11
[ 1350F % ]
1v-4 //
= — —
=]
(8]
P U ;
Q
s - .
3 Ni-15C0-10Cr-5, 5A1-4, TTi- Mo -0, U5V
- - 1200F 5 SCATTERBARD SHOWK FROM COMPACT
(< B SPEC., FIG. 3.0541, NET SECTION STRESS
» rT | APPROX 20 KSI, SELECTED DATA POINTS
7‘3|1-; — .y (NOT ALL SHOWN, BUT ALL FALI. WITHIN
L | L 1 10 i SCATTERBARD) FROM CENTER CRACK
. 4 SPEC., SHOWN BELOW, IIAVING APLROX
107 7/ - - 106 KSL NET bECTIUN STRESS
51— D=0.5 ]
o NET = 106 KSI
2 - THICKKESS - 0,50
10°8
5 10 20 50 100
KMAX - KSLVIN
FIG. 3.0641 BASIC CRACK GROWTH CURVES AT RT, 1200F,
1350F, FOR CONSTANT AMPLITUDE LOADING
OF WOI, SPECIMER (40, TABLE 1, FIGS.1 3) ‘
-
.10 L1206 I
\ THICKNISS
-
g 3 - ]I
b p—
1200}F
w-onl
w2} t: 10ChM
-}
(5]
S q0- - [P R
5 o104
[ . ~SCATTER BAND OF
R o DATA FOR COMPACT
7 TENSILE SPECTMEN
; (Fits. 3,0541y WITH
8l% CH LOW NET SECTION
. STIESS
el - A i
5 NTER CRACK
SPEC. OF BIGH NET SECTION STRESS
. (105, 7 K&l ABOVE 'y AT 1260F
NP I N E SR B
1 2 5 g 2 "ooyoo 2 5 1000
AK - KSIVIR
FIG. 3.0542 EFFECT OF NET SECTION STRESS ON
CRACK GROUWTT RATE AT 13001
(20, yp.4,4,6,8,17)
© 1978, Hielfour Stulen, D, CovE 421
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NONFERROUS ALLOYS

Ni Ni-15C0-10Cr-5.5A1-4,7T1-3Mo-0_ 95V
MODIFIED COMPACT SPECIMEN A5 SHOWN
15 Co IN FIG. 3. 0541
THICKNESS AS INDICATED
10 Cr
47 Ti !
. i
3 Mo 5 -
095 V 1350F
. 0.5 TO
— 0,75 IN)
IN-100
10
5r,
1200F
2 | 0.5 TO 0,9 IN)
10-2 /
6
[
= 2
[
& o3 L
e -
@
: 5o
8is
1200F
2 (0. 08 TO 0,10 IN}
10-4
° i
5 -
2 |-
10-5 J 1 | N T !
1 2 5 10 2 5 100 2 5 1000
K - KSIVIN
FIG, 3,0543 EFFECT OF TEMPERATURE AND SPECIMEN
THICKNESS ON SUSTAINED LOAD CRACK
PHROPAGATION RATE, (20, pp.4,8,13)
copE 4212

PAGE 80

N FER CYCLE

da
ax -~

10-4

-
S

[

10-7

Ni--15C0-10Cr-5h.hAl1-4,7
MODIETRD COMPACT TR

AB BHOWN IN FIG, 3.0541
VARIOUS THICKNESSES A8 INDICATED

3hlo-0, 40V
SION BPFCIMEN

O .60z 1.
0122 1N THICKNENS
0 100 IN

Kic - 143 KSIVIN

1

)
10!»7 1000

AK  KSWIN

FIG, 3,054 EIFFECT OF SPECIMEN THICKNESS ON

CRACK GROWTH BATE AV U, (20, ppad,s,9)
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
- .
Ni-15C0-10Cr-5. 5A1 -4, 7T1-3Mo-0. 95V Ni
COMPACT TENSION SPECIMEN, SEF FIG.
3.0541 15 Co
VARIOUS THICKNESSES 10 Cr
2 47 Ti 'ﬂ
10 . ;
5 |~ 1200F 2 MIN DWELL 3
R=0.1 ~<- AT PEAK 095 V
STRESS
21 IN-100
|10 cPM
1073 / It
}
s |- / /
/
M 2 0.5 CPM
)
> 104 /
Qo
~ p ;
% 20 CPM ‘
3 2 -
815
1075 —
51—
2 |-
1076 .
Ni-15C0-10Cr-5, 5Al-4. TT1-3MO-U. 4aV
| COMPACT TENSION SPECIMEN, SEE
5 FIG. 3,054l
VARIOUS THICKNESSES
2 b-
10-7 | ] ] B ] I
1 @ 5 30 2 5 100 2 5 1000
. OHK - KSIVIN 10-3
i 200F
: FIG. 3.0545 EFFECT OF FREQUENCY ON CRACK GROWTH 51 1350F
RATE IN CONTINUCUS CYCLING AT 1200F 10 CPM
(20,pp. 4,5,6,8,25) R=0.1
w2 I~ 1000F
W
S 104
5 10 1 —
g /
I
4
oap
45
10 » p—_————ep —ee— e ———————
.
P ;
| | | | ) ]
1(1"6 - 1]
1 2 T Y100 “ % 1000
OK - KSIVIN
FIG. 3.0546 EFFECT OF TEMPERATURE ON CRACK ;
GROWTH RATE AT 10 CPM, R = 0.1 :
(20, pp.4,5,6.8,28) |
@1978, Belfour Stulen, Inc,
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NiCo .
NONFERROUS ALLOYS REVISED: DECEMBZR 1978
T — T T — 7
Ni Ni-15Cr-10Co-5. 5Al-4, 7Ti-3Mo-0, 95V Ni-15C0-10Cr-5, SAL-4. TTi-3Mo-0, 45V 4
COMPACGT TENSION SPECIMEN, SEE FIG.
15 Co 3.0541 MODIFIED COMPACT "FENSION SPEC, -.
10 c VARIOUS TIUICKNESSES FIG. 3.0541, SEVERAL THICKNESS AS
r INDICATE ;
55 Al L e e e 1 ‘ﬂ o
A ¥ 1200 F
47 Ti 1073 Y FRO R RN A g1,_ R=01 ||
R=0.8 10 CPM
3 Mo Sk 1200r ]
oo’V T | I
B2 10-4 ICKNESS
IN=-100 3] 0,1 i o Bk B ey - THICKNESS
P14 ) A0, 060 IN
: 3 5 - Q 0,300
=IO - 0 0,500
2 R - oo | |
| 2 a .
8% D L) RS S - -
1079 8l |
// [ A —
5
o o
2= 107 J i
S T S L I U I (T Tooo
1 2 ® 10 2 5 100 2 5 1000 o K- Kol IN

FIG. 3,0549 KFFECT OF SIECIMEN THICKNESS ON CRACK
GROWTH RATE AT 1200 ' CONTINUOUS
CYCLING AT 10 CPM (20, pp.4,8.11)

FIG. 3.0547 EFFECT OF STRESS RATIO ON CRACK
GROWTH RATE AT 1200F, 10 CPM

OK - KSIVIR ‘
|
{29, pp. 4,5,6,8,206) :

Ni-16Co 1oCr-5.001
COMPACT TENSION SPECIMEN, SEE FIG,
3,0641

NI-15C0o-10Cr -5. 5Al1-4. TTi-3Mo-0. 95V
COMPACT TENSION SPECIMEN, SEE
¥1G, 3.0641

VARIOUS THICKNESSES

"" I MISSION —"{

- 5,20, OR )
" 4 CYCLES | I
10 | b y -
I y- -
51— 12008 J\ ‘ |/I B
20 CPs ~R=0,1 i -
2] 21— }
al 2 e g e e
5 100 /
© 101 - - ._4{ e —
m R = 0,8—
W,
F‘ N ﬁ 5 -
) o R SEECYCE ES
] 2 et 1200}
% v 40 CYCLIS
8|5 ! on=0.s = 2 -
06| W e H CYCLES
i U IN—— O
. = NOY CONTINIOUS CYCLING
Sz 0| COVERLOADS @ 10 CPM, ol
e BASELINE WEHH G0 PERCENT
Py OVERLOADS AFTER
2 CYCLE BLOCKS AR
10-7 | 1 1 . | 5 | | | | hbiearen |
2 5 2 5 2 5 1070 s
' lla) K\'I‘f;ﬁ 1o 1000 1 2 5 30 2 5 qw 2 [
K - K¢ OK - KSLAN
FIG. 3.0548 EFFECT OF 3TRESS HATIO ON CRACK F1G, B3.0a5] CRACK GROWTH A7 200 LSDER CONTINUOUS
GROWTI RATE AT 1200F, 20 CPS. CYCTG.CASTIWETH 50 PERCENT OVERLOAD
(20, pp.4,5,6,8,27) EVERY 6, 20, Olydo CYCLES{E0, pp.d,5, 48)

CocE 4212
PAGE 852
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] NiCo
REVISED: DECEMBER 1978 NONFERROUS ALLOYS

Ni-15C0-10Cr-5, 5Al-4, 7Ti-3Mo-0. 95V

Ni
COMPACT TENSION SPECIMER, SEE FIG,
3,0541, THICKNESS 0,250 INITIAL CRACK 15 Co
LENGTH 0. 40 IN 10 Cr
85 Al
« 47 Ti
1 MISSION ———mi 3 Mo
095 V
§ IN-100
4

103 - —
1260 F | 7
CONTINUOUS CYCLING
@ 10 CPM, R: 0,1 WITH

1o g o B At 3 g
w

, i OVEKLOADS AS
2 FINDICATED EVERY 2187 e
: 2 CYCLE 50 PERCENT
: AT e R _ OVERLOAD
R e |
B 51 _ N 74», . L Ri-15Co-10Cr-5, HAL-4. TTi-3Mo=-0, 95V
¥ <1 "‘ ] COMPACT TENSION SPECIMEN, SEE FIG,
i ' | 25 PERCENT U541
§ ,3!% 2 |- -NOOVERLOAD —~ OVERLOAD THICKNESS 0,252 IN
3 ' I | INITIAL CRACK LENGTIH 0,936 IN
Fi 1077 L ‘
H 2 5 2 5 2 5
£ 1 10 Joo 1000
2 MDI
bal oK~ KSI/IN r\
; i
] ¥IG, 3.0552 CRACK CROWTH AT 1200F UNDER CONTIKUOUS TIME 2
% CYCLING AND WITH 26 PERCENT OR 60 PERCENT - OR 8 & 2.,
: OVERLOADS EVERY 21 CYCLLES (20,1y7.4, 5,6,4%) om: CYCLE&_{;{, AEwS
i MISSION T § ]
: } B o
{ 0 n 4
10-4 — - [ T
5 | -
1200F ,
sl 50 PERCENT
© OVERL()AD :
T j92 ——— .
E 25 3
o nh— — PERCENT . 3
4 OVERUOAD | OVERLOAD .
1 N .
. i 4
s 2zl .-
103 ————— .
. SUSTAINED LOAD x
” L OVERLOAD AS 3
SHOWN EVERY 2 3
R MIN, N
10 4 _L | i -
5 2 3
100 1nng
1\ K51 VIN
FIG, $.0053 CRACK GROWTH AT 12001 UNDER SUSTAINED
LOAD ARD WITH 26 PERCENT OR 59 PERCENT
OVERLOADS EVERY 2 MINUTES(20, pp.4,5,41,43)
1]
4
.
@1978, Belfour stulen, Inc. cooe 4212
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. NONFERROUS ALLOYS REVISED: DECEMBER 1978

X Ni15C0-10Cr -5, 5Al-4, TT1-BMo 0,95V l
Ni Lot

15 Co COMPACT TENSION SPEC, SEE FIG, 3.0541
|

10 Cr 111

55 Al —— CENTER CRACKED SPEC, SEE FIC.3. 0542]
- THICKNESS 0,125 IN, CRACK LENGTH
47 Ti 0.12 IN NET SECT SYRESS =101 KSI

095 V 0% ‘—l T 1 - -]

- [~ 2 MIN DWELL AT PEAK
'N 100 STRIESS
R-01

E

wd o _L -

@
i
|

T T
Ni-15C0-10Cr-5, 5A1~4. 7Ti~-3Mo-0, 85V

A
3
: "
10-1].COMPACT TENSION SPECIMEN, SEE
[ 1 U IO [ S U T P "
10-4 |-—A . L - #IG, 3.0541  ALL SPECIMENS

5 b APPROX 174 N THICK
ET i)

- IN PER CYCLE

da
dx

Q CENTEK CRACKED SPEC,, HIGH N
SECT STRESS o 1
o COMPACT TENSION 5PEC., LOW NET 12001°

2+ SECT STRESS ] — R0l
1079 [ J J l 1072 —___.‘_ﬂ 1 _h__~*J
10 2 5 3

29 00

©
'

[
T

00

o
T

O K - KSIVIN

CLE

29 MIN DWETL, —

\{

FIG, 3.0561 EFFECT OF NMoL 5EGTION STRESS OW CHACK
GROWTH RATE FOR 2 MINUTE DWELL AT
PEAK STRESS AT 1200 F (20, pu 4,5, 6,8,18)

1, 2, 5 MIN
DWELL
PERIODS

- IN PER CY

da
dN

\ —T'—r—v——'v'——vvﬂ—-r——-ﬂ——j
! Ni-15Co~10Cr-0.5Ak 1, TTi-3Mo-0, 95V

MODIFIED COMPACT TENSION 8PEC, FIG, 10-4 i T 1
3.0541 SEVERAL THICKNESSES, A8
| INDICATED

=

10-9 . A L L
- y 12 5o 2 5 10 2 & 1000
| AK - KsI VIR
TTHICKNESS |
® . 0G4 IN FIG, 3.0563 E T OF DWELL TIME AT PEAK
0.124 SIRESS ON CRACK GROWTH RATE
AL 250 AT 1200)F, R =0.1.
O.41 (20, Phy 4,5,6,8,132)

N T
L TR ]

NOTE: . 06§ IN SPEC PROPAGATED
IN MIXED MODES (1 & Lif)

0y B o B

102 5 1w @ 5 00 1000
o K - KSIVIN
FIG. 3.0662 EFFECT OF SPECIMEN THICKNESS ON CRACK
GROWTH RATE AT 1200 ', 2 MIN BWELL AT
MAX LOAD, 10 CIM DURING VARIARL ) STRESS
E P ERIOD (20,pp.4,8,12)

- INPERCYCLE
A

da
~
=

|
g

£ Fudn

NPT PN

©1978, Belfour stulen, Inc, '
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. NiCo
REVISED: DECEMBER 1078 NMONFERROUS ALLOYS
aQ
:
a
| Ni-15C0-10Cr-5,5A1-4, 7TTi-3Mo-0. 05V Ni
COMPACT TENSION SUECIMEN, SEE FIG, t
- 2.0541 15
TIMCKNESS 0,23 IN
INITTAL CRACK LENGTH APVROX .84 IN 10 Cr
ZFRO 47 Ti
OR
"tz MR ‘»~ 3 Mo
WELL
}m;o oycLkse Db 095 V
5]
o
q
B 5 "
[
¥
10-3 / | 3
] '
. - 2 MIN DWELL
4 50 PERCENT £
OVERLOAD
il | ] |
' __ 50 PERCENT ] -
| OVERLOAD .
I
25 PERCENT v
4 L OVERLOAD
Q
5 1o / I |
O 1y-9 il
& ( Ni-15Co-10C¢-5.6A1-4, TTi-3Me-0, 95V i
[ — COMPACT 1 sRSION APECIMEN, SEE FIC, :
- I CONTINUOUS CYCLING 3%,]41 L3 prSION APEC i
= NO OVERLOADS o
8% -
. 1350F |
106 [ /[~ conrmnrous CYCLING & 7 =1 MISSION CYCLE
20 CPS, R = 0,8 WITH 25
— PERCENT OR 50 PERCENT N CYCLES — |2 MINDWELL 8|
OVERLOAD EACH 41 CYCLES, |
| OR WITH 2 MIN DWELL AT, | |
THE 50 PERCENT OVERLOAD, ! !
10-7 ] R R NN TN NN B ;
2 5 2 5 2 3 /
1 10 100 1000
QK - KSIVIN
ol 20 CYC LESE
FIG. 3.0564 CRACK GROWTH AT 1350F AT CONTINUOUS 10 CPM 4
OVCLING. OR WITTH 25 AND 50 PERCENT yom2 ﬁ 2 MIN DWELL
OVERLOAD, OR WITH 2 MIN DWELL AT THE \ 77
50 PERCENT OVERLOAD CONDITION = T
4 5. 564,55 3]
(89, ppe4,5,54,55) A e 10 CYCLTS &
DO |40 m‘c’u-,s Fio CPM +
9 10 CPM 4 2 MIN DWELL
@ | 2mNDwELL
B -3
-~
,1 1200F
(53] —— =
u R=0.1 '
¢
; | BASELINE
sl 10 CPM
pel 1, 3%
L NO DWELL
s =
S [ T A DN N B
1 2 5 10 2 5 100 2 5 1000
6K - KSLVIR
FIG. 3, 0565 INTERACTION OF LOW CYCLE FATIGUE
WITH DW ELE PERIOBS AT MAX LOAD FUR
THSTS AT 12008, R = 0.1 Q0,0 4,6,7,33,14)
©1976, Belfour Stulen, L, covE 4212
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Ni
15 Co
10 Cr
55 Al
4.7 Ti
3 Mo
095 V
IN-100

56

PAGE
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CODE 4212

IN PER MISSION CYCLE

v

——

NONFERROQUS ALLOYS

Ni-15C0o-10Cr-5, 5A1-4, 7T1-3Mo-0. 95V

COMPACT TENSIOMN SPECIMEN, SEE
FIG, 3.0541

1 MISSION CYCLE

REVISED: DECEMBER 1978

Ni-15C0-10Cr-5.5A1-4. 7Ti-3Mo-0. 95V
FPOWDER METALLURGY WOL SPECIMEN
FROM TIRRBINE DISK AS NESCRIBED IN

Kol (SINGLE OVERLOAD)
/W\’ Kmin /
/

RESUMPTION

kDELAY cycws-l OF CRACK

~SQOVERLOAD

N cwms“ 2 MIN DWELL
!
/
/ !
10-1
5 —
40 CYCLES 20 CYCLES
2 — ",Ul(;ycrf,'ﬁi te 10 CPM 4
¢ ‘ 7 2 MIN DWELL
2 MIN DWELL// /
10-2 7 /
5 =
JEHIR N 10 CXCLES
R=0.1 @ 10 CPM 4
2~ 2 MIN NDWELS.
10-3 _'f
5
BASELINE
R _L10CPM
“r WELL
/ NO DWEL) FIG, 3, 0841
10-4 /
5
ol
&l
2
: o
ol L g L1 L ?
1 2 % 30 2 5 300 2 5 1000 <
OK ~ KSIVIN =

FIG, 3,0566 INTFRACTION OF LOW CYCLE FATIGUE
WITH ['WELL PERIODS AT MAX LOAD FOR
TESTS AT 1350F, R = 0.1(20,pp.4,6,7,33,35)

INITIAL CRACK GROWTH PPRIOR

GROWTH

TO OVERLOAD

105 —
5 C 4t
, 5]
104 |0
5 —
4} 2 ] (8 1200);
3 L
S i V4 g
5 108 - _— -
woal ’,g.z 1350F
2
a 2z}
qor Lt ]
1]
T Kmax = 23.2 KSI/IN
2 }—
” L_if | [
1.0 L2 1.6 2,0 2.4

Kol /Kmax

FIG. 3,0571 DELAY CYCLLES PRIOR 170 RESUMPTION OF
BASIC CHACK GROWTI AFVTER SINGLE CYCLE
OF OVERLOAD, BASELINE Kmax =23.2 KSIVIN

40, ¥IGK.2,4)
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REVISED: DECEMBER 1978 NONFERROUS ALLOYS
.
¢ -
1 !,
Ki 15CE-10C0-5.5A1 4. 711 -3Mo-u, 95V N3 -1 5C0-10Cr-56. 5A1-4, 75Ti-3Mo 9, 95V Ni
POWDER METALLURGY WOL SPECIMEN #5 CAST 4 1600), 12 HR, AC
FROM TURBINE DISK AS DESCRIBED IN FIG. 1,180 IN DIA MIN SECTION, AS SHOWN 15 Co
% 4. 054l 10 C
;
r
‘! ’;Z‘. wKol (b.'lf\'(‘.l.E CYCLE (I)(\)l}\:;)— 5.5 Al
‘ ! 4 —/V\/\ k“'if' RESUMIFION OF A T
4 - > :
2 : [:DELAY CYCLES{/™ ~CrACK GROWTH 3 Mo
N @] OVERL V
‘, S| A INITIAL CRACK GROWT1I 0.95
i v PRIOR TO OVERLOAD CYCLES IN—-100
1 i A a
i Wb |- J
o 51— _+ z}a 160 1 —
: % AXIAL
72— . £ R=0.1
! n T = 1250F
10t W 120 3
F =] R
N 51 — 7 >
[s] RT 7 100 Oy
" 5] [ iy
@ 2l . ko -
- P S 0 UEIIUM 2000 121G
o Z ol | @ IYDROGEN [ S
PR . ] § ’
E 1200F =
a 2 }/ 1360F ]
10% 1 : :
| 10 102 107 104 105 108
-
1 — CYCLES TO FAILURE
-
- Kunaa = 26,7 KS[ VIR
2 o t -1 ¥IG, 3.0582 HIGH CYULE AKIAL FATIGUE RN HICH
" 1n N 1 l ] PRESSURE HYDROGEN AND [EL{UM
: 1.0 1,2 1.6 2.0 2.4 AT 1250F (26, pp. LI~10, IV-4, D)
Kol/Kmax
FIG, 3.0672 DELAY CYCLES PRIOR TO RESUMPTION OF
BARIC CRACK GROWTH AFFER SINGLE CYCLE
OVERLOAD, BASKLINE Kmax = 35,2 KSI YIN Ni-15Co- 6, 5A1-4.75Ti-3Mo-(L V5V
(40, ¥IGS, 2,3) AS CAST [IOLLOW TUBULAR SPECIMENS
APPROX. 0,45 IN OD, 0,39 IN ID
Ni-15C0- 1005, SAL-4. T5Ti-3Mo-0, U5V INTERNALLY HEATED BY GLODAER HEATING
AS CAST 1 1600F, 12 HR, AC ELEMENT
0,211 DIA 8PFC AS SHOWN

AXIAT LOADING TESTED AT 1700F

R=0.1
T = 1250F
1.16 R
0,211 DIA 10 ey T
(T ol e ] e
/-'\f'rv l-l
n . Y
L —-} .57 L— t/g 10 4 ’ 4+ B
- —— 4 — E ALHP=0, 063 (Npp)- S pe=0. 053 (Npp} - 73
0.0 b — 23 10-4 ! 1 i L |
. )
9 L
; = Nep Nee
IR
a B108 . - .
o 1,0 _._Q_“,_b’ﬁg.,, __l Pa— ]
Fel
5 = 3
i} Boag-n )l - _
= oot -1 r
w B . -.hh ~.44
o ot — & Lep- L 40(Nep) 5Ece=0.033(Nee)
& OMELIUN 1w s I I | \ |
S 0:1\;‘;|«l(?<‘1~\v ]f A0 P, 31 10 102 108 ped1 10 102 103 1ot
& FIHOCE ) | CYCLES TO FAILURE N
.0
1 10 1ue 108 104 105 FIG. 3.00141 INETASTIC STRAIN RANGE VR, LOW-CYCLE
CYCLES TO FAILURE FATIGUE LIFE FOR FACH PARTIONED 8TRAIN
RANGE COMPONENT FOR AS-CAST THINWALL
FIG, 3 0asl LOW CYCLE FATIGUE AT 1260F IN TUBING AT 170GF
THGH PRESSURE HYDROGEN AND (49, D, 28), (63,p.4 & FIG. 6)
HELIUM @6, pp UL 9, V-9,17)
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NiCo

NONFERROUS ALLOYS

Ni
15 Co
10 Cr
55 Al
47 Ti

095 V

Ni-16Co-5. 5AL-4, 75Ti-3Mo-0, 95V

SOLID TUBULAR $PECIMEN APPROX 1/4 IN DIA

AS CAST + VAPOR PHASE ALUMINIZED COATING,
ALUMINIZED AT 2100F, 3 HR + ARGON COOLED
02— oy - s A s e
sXep=.0207(Nep) 08 B Ipe—. 104 (Npe) - 67

\ Nep <‘> N!PC 7]

L
fe) -

-
<
]
o
|

IN-100

D Iep, AIpe

19-2 i T

0 SEpp=. 0667 (Npp) ™+ 97 Biscc:. 0293 (Nee) ™% 6
51 T N

2t 16521 —-1~ 4

JR-EVA

INELASTIC STRAIN RANGE

8 5
] 0 T ~
Q Npp Y
B ef N
a
1074 | S I A
10 102 101 106,1 102 10t 106

CYCLES TO FAILURE
FIG. 3,05142 STHRAINRANGE PARTIONING LIFE RELATIONSHIPS
AT 1652F AND 1832F FOR AS-CAST ALUMINUM-
COATED ALLOY (54,pp. 4-10)

Ni-16C0-5, HAl-4 . T5Ti-0Mo 0,05V

HOUR-GLASS SPECIMEN 0.20 [N DIA AT MIN
SECT. 1.6 IN HOUR-GLASS RAD, 3 IN LENGTU

CUT FROM CREEP-FORMED (GATORIZED )
DESK

SOLUTIONED AT 2650F, STABILIZED AT 1600F
AND 1800F, PRECIPITATION HARDENED AT
1200F AND 14001

TESTED AT 1400F

107t
T T T 1 T
@ ALpp0, 276(Npp) ~* 8 ATpe=0, 140(Npe)» 17
O 42
> 0 - -
g 1p-3 41 _
é ! Npp Npe
[=
MEUE] I 1 1 FE— L
Q7,1
> ! BT 10, g (Nec) -+ U2
2 ALep, 028(Nep) - O Beu=0, g (Nee) ™+ b4
-
R S 1 “u, .
<)
wsf Nep -1 Nee J\IK —
-4 L I 1 2 I 1
1w 0 T
1 10 10¢ 109 of 1 10 102 109 zod

CYCLES TQ FALLURE
TIG, 8.015143 INELASTIC STRAINRANGE VS LOW-CYCLE
FATIGUE LIFE FOR EACITI PARTITIONED
STRAINRANGE COMPONENT AT 1400F.
SPECIMENS FROM CREEP-FORMED (GATOR-
171D, ) TURBINE DISK (53, p.4 & FIG, 0)

CODE 42

12

PAGE
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NXT

TOTAL STRAINRANGE - PERCE

REVISED: DECEMBER 1978

E]

Y

I St B B hl Rt D e B
M“ TENSILE STRESS-HOLL}

Ni 15Ce-10Cr -5. 5A1-4, TTi -3Mo- 0. Y5V
WHOUGHT BARS PREPARED FROM
PREALLOYED POWDIERS

SOLUTIONED AT 2050F, STABILIZED AT 1600F
AND 1800F, VRECIPITATION HARDERNED AT
1200 AN 1400)°

AT 1200 Ly = 200 KSL STRESS FOR

Fry = 154.5 KSI CREFP-RUPTURE

< PERCENT LIF:

RA - 25 PERCENT] 1001R=147.9 KSI
1000HR=127, 6 KSL

— o STRESS -
; t. STRAIN 1200F
S N B i U R | [ SR SN S G
)
| TOTAL STHAIN RANG K
| I ] Ty 1T TTTre o1 T T T
l'.l‘]-‘NSIl.li STRAIN-HULD

///" I 1200)°
T 50— N |

a1 = _l v
’l i!-" TOTAL STRAIN RANGE

\ - ]

A B -
[ M HIGH RA
{= ToTAL O
5 STRAIN —-—1= s o T
u[mm-: (- R
N & L L L L L -1 )
10 “ 5 qe2 2 5 q03 2 o1 2 T oj0d
CYCLES 70 FAILURE
FIG, 3.00044 TOTAL STRAIN RANCGE VK LOW-CYCLE

FATICUE LIFE AT 1200) OF POWDER
METALLURGY BARS PREPARED BY
PRATT & WHITNEY (‘:A']T)lu‘.’.lNGm
PROCESS AND T 51D UNDER RATTD
RTRALN CYC LD "ENSILE 8STRESS-
HOLD, AKX} TENSILE STRAIN-HOLD,
2)

©@1978, Bellour Stulen, Tne,




REVISED: DECEMBER 1978

Ni-15C0-10Cx - 5. 5A1-4. 7Ti-30Mo-0. 40V
WROUGIHT BRARS PREPARED FROM
PREALLOYED POWDERS

SEE FIG, 3.05144 FOR DETAILS OF HEAT
TREATMENT AND RESULTING TENRSILE AND
CREZP PROPERTIES

W T

10

>

12001

10-1

1072 fm——— }
~ ) = === RAPID STRAIN CYCUING  SEE FIG.™]

0 — - —TENSILE STRAINHIOLD  FOR ADD.

INELASTIC STRAINRANGE - PERCE

N TENSILE STRESS-IIOLD  DETAILS -1
10_3E DV T S U S Y W I
10 B 12 2 5 108 2 ° pet? % 10

CYCLES TO FAILURE

FIG. 3.06145 INELASTIC STRAINRANCE VS LOW CYCLE
FATICUE LIFE AT 1200F OF POWDER
METALLURGY BARS PREPARED BY PRATT
AND WHITNEY GATORIZINGyPROCESS AND
TRSTED UNDER RAPID STRAIN CYCLING,
TENSILE STRESS-HOLD, ARND TENSILE
STRAIN-HOLD. (52)

©1878, Belfour Stulen, Inc,
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NiCo
NONFERRCUS ALLOYS REVISED: DECEMBER 1978

Ni Ni-15C0-L0Cr -5, 5A1-4, TTi-3Mo- U, 95V
15 Co COMPRESSOR DISK FROM 10 - 121 STAGE OF
F100/§401 ENGINE APPROX 17 IN DIA
10 Cr PRODUCED FROM “ALL INERT" POWDER BY
DRATT AND WHITNEY GATORIZING, PROCESS
55 Al HEAT TREATED BY MODIFICATION OF 1WA
47 Ti 1025 SPECIFICATIONS

095 V
IN-100

240

"
<
=

.

Fru, FTY - KSI

40 -

Q L _./U\ -
~ 20 N 4
A e P ;
& :
Q 2
8 :
& 1.
| b
® e bt
0 400 %00 1200 1600 :
TEMP - ¥ 1
FIG. 4.11 MECHANICALU PROPERTIES FROM RT TO 1300F
OF SPECIMENS FROM THE 1o - 12th STAGE
COMPRESSOR OF 1"100/F401 ENGINE
(36, Fip.2)
Svurce Ty pu 30, H3 1 —j
Alloy Ni-15Co-10Cr-5. FAT -4, TTi-3NMu-0, Y5V \
Condition As Cast and Machined To Fir Tree Specimen As Shown E
Test Temperature RT ]
N I
Specimen [ Vir Tree Attachment Loaded with Matiog .
Waspalloy ale Fixture.  Failure in
/\/’/—-\/l IN 100 Across 0016 IN Dimensfon As
"\/ T ' Shown, Depth 0,61 IN
S £ A R TEN)
LOADING - o “’ ltu uf Alloy 115 K8
AXIH | M
FAILURE SECTION
Specimen No, Mominul Strega At Fadlure K8
1 13K.5
2 130,0

TABLE 4,12 ROOM TEMPERATURE TENSILE STHENGTH OF FIR THER SEMULATING
TURBINE BLADE ATTACHMENT

CoDE 4212
PAGE B0
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NOMINAL STRESS AT TAILURE SECT. - KSI

NONFERROUS ALLOYS

rl\'l -15Cu -10Ct-5, GAl-4, TT1-3Mo-0, 43V

AS CAST 4+ MACHINED TO FIR TREE SHAPE
AS SHOWN

LOADED IN TENSION BY MATING WASPALOY
FIXTURE

FAILURE SECTION

ALL STRES' %8 CALCULATED FROM LOAD
AND FAILUPE SECTION, NO STRESS CON-
CENTHRATION TACTOR APPLIED.

100 f— !

Yo
50 — l

TESTED AT
1400F
20 ——{
10
1 10 100 1100

LIFE - HBS

¥1G. 4.13 CREEP RUPTURE AT 1400F OF FIR TREE
SIMULATING TURBINE BLADE ATTACHMER]
(47,pp. 31,107)

Ni

15 Co
10 Cr
55 Al
47 Ti

3 Mo
095 V
IN-100
teDE 4212
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NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni

Svurce {47) pp 32, 83

15 Co Alloy N1-15C0~10CT-5, 5A1-4, 711-4M0-0, 95V

10 Cr Conditon As Cast und Machined To I'ir Tree Specimen Ag Shown
Test Termrperature R

55 Al
47 Ti

Specimen Loaded In Tension + Vibratery Bending
Moment, Stresses shown are nominal stresses
across failure section (no correction for stress
concentration) + hending stress at outer fibers
of failure section,

095 V
IN-100

FAILURE SECTION

Static Stress, ksi Alternating Stress, ksi Cycles tu Failure)

20 15 3.1 x 208
20 . 30 ¢ 8.7 x 10°

5 for 16" ecycles + 10 for 107 eycles . G
20 + 15 to failurce 3.8x 10

¢ o

5 for 10" eycles + 10 for 10V cycles G
25 +15 to fullure 2.04 x 10
15 15 | g.6x 10"

(1) If failure did not occur in 10" eycles, :‘lltcmaﬁngl stress was increased for an addiiional lf)"r(:yc](-s ,-‘
if necessary. If failure still did nct ocour #1109, alternating stcess was aguin increased, Failure
cycles ghown are at the last alternating strcss shown.

TABLE 4.14 FATIGUE AT RT UNDER COMBINED STATIC AND VIBRATORY S8TRESS OF TURBINK
BLADE FIR TREE FASTENING

Source (47) pp 25, 26, 34, 87, 94 ;
Alloy Nj -15C0-10Cr-5,5A1-4.7Ti-3Mo-0. 95V ;
Test 4x 1.5 x 0.5 Bar Llectron Beam wWelded to Similar ] :
Specimen Waspaloy Bar. After Heat ‘Treat Machined to Specimen

Desceribed Below

As Cast + Welded + Heal Treat {(to restrengthen Waspaloy)
Condition | 1850F, 1 Hour 4 15501, 4 Hour + 1400¥F, 16 Hour +
Michin.d to Approximately 0.3 x 0.3 At Test Scetion

'l:es.t RT
Temperature
sle Strengtt Min J, . IN 10 115 KS
Daslc Strength n ¥, 4] ' K .1 ALTUT
of Welded Alloys 180 KSI

Min Ftu‘ Wanspaloy

Condition Dctrrmlnud_

by X-Ray Prior to Test
Good 112 Weld
weld Cracks ™) 89,2 Weld

Faflure Strength K82 Location ot Faflure

(1) Caured by Inss of ductility in IN 100 as result of change in
microstiuciure during welding.

TABLE 4,213 ROOM TEMPERATURE TENSILE STRENGTH OF
WELDMENT 10 WASPALOY

©1978, Belfour Stulen, Ine. £
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NONFERROUS ALLOYS

Source 47y pp 25, 26, 34, 87, 94

Altoy Ni-15C0-10Cr-5. 5A)-4. TTi~-3Mo-0. 95V

Test SpecImens 4 x 1,5 x 0.5 Bar Electron Beam Welded to Similar Waspaloy Bar. After Heat Treat,
Michined to Specimens described below, .

Caondition As Cast + Welded + Heat Treat (to restrengthen Waspaloy): 1850F, & Hr + 1550F,
4 Nr + M400F, 16 #r + Machine Te Approximately 0.3 x 0.3 at ‘l'est Section

Test Termrnerature 140017

Conditior Determined by Stres:. ut Failure Lifv Location of Failure

X-Ray Prior to Test Location (Ksi) (ilr)

Weld Gracksf!! 91 0.1 Weld

Weld Cracks®) 56.5 3 Weld

CGood 54,6 224, 6¢4) Waspaloy

Weld Cracks 45,5 76.5 Weld

'_Wcld Cracks 60, 2 1.8 Weld

(1) Caused by loss of ductility ii: IN 100 us resuit of change in microstructure during welding.

{2) Failure In Waspaloy, weld still intact,

TABLE 4,212 CREEP RUPTURE AT 1400F OF ELECTRON BEAM WELDMENT TO WASPALOY

Souree (17) pp 25, 26, 135, ¥7
Alloy Ni-15Co-10Cr-5, 5Al-4. TTi-1Mo-0, 95V
‘Test Specimen 4 x1.5% 0,5 Bar etron Beam welded to Similar Waspaloy Buar 1

Heal Treatment as Shown Below + Machined to Specimen Shape Shown

Steady Load Applied Axially, Vibratory Load
Applied Normal To Plane of Speecimen

Approximately 0,12 x ,095 Thick At Minimum Section

Condition As Cust + Weldert + Heat Treat (to restrengthen Waspaloy): 18508, 1 Hr +
1550F, 4 Hr ¢ 1400F, 16 15r
Min Ftu IN 100 - 115 KSI

At RT
Min Flu Waspalay -~ 180 KSI
Test Temperature RT .
Condition 48 Determined Static Stress Vibratory Stress Cyclcs(l)
by X-ltay Prior to Test K81 t Ksl o Failure
Weld Cracks!?! 62,2 9.4 2.3 x 10°
weld Cracks'?) 2.2 4.9 1.75 x 10%
Good 2.2 4,9 107
Guod 62,2 9K 3,67 x 10

(1) Al failures in weld

(2} Caused by loss of ductility in IN 100 ag result of change In microstructure during welding

TABLE 4,213 FATIGUD AV RT UNDER COMBINED STATIC AND VIBRATORY STRESS OF
ELFCTRON BEAM WELDMENT TO WASPALOY

©@1978, Bellour Stulen, Inc,

15 Co

10 Cr
55 Al
47 Ti

095 V

IN-100
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NONFERROUS ALLOYS

REVISED: DECEMBER 1978

Source

Ni Alloy

15 co Test Spe.imen and Brazing

10 Cr 1
55 Al ﬂfé o

4 7 Ti WASALO

(A7) pp 21, 28, 38, 91, 110
Ni-15C0~10C1r=5. 5Al-4, TT1-IMo-0. 85V

Fuces A und Al and C and ¢! Mate. Double
Fingers B Fit Into Hollow BY. Prior to Brazing

. 0005 Ni Plste Deposited on Tines 4 900F, 20 Min
To Bond. For Brazing Clearances , 002 to . 004 In
Mzaintawmed.

C
0,42 p—
APTROX

095 V
IN-100

Brazed In Hz At 2000F, 20 Min, Diffusion of Braze 18001, & Hr + 1900F, 8 H:* + 1950), 56 Hr,

Following Braze HT to Restrengthen Waspaloy:
1550F, 4 Hir + Cool to 1000F 1 140CF, 16 Hr

fast Cool From 1950F to 1000F At 40F Per Min 4

Min Fhl 1N100 115 K8k
Min Ftu Waspaloy 180 KSI

Tes! Temparature RT

Braze Area Stress Location of Failurc
Percent K31
90 112 Biade Radius
90 100 IN 100

Point ¥ in Sketch Above

TABLE 4,221 ROOM TEMPERATURE TENSILE STRENGTH OF BRAZED ATTACHMENT
TO WASPALOY

Source (47) pp 28, 28, 39, 91, 110
Allay Ni-15C0-10Cr-5. 5A1-4. TT1-3Mo-0,95V ]
Depth At Test Seetion Approximaxely 0. 35 IN
‘fest
Speefmen
TAS Y : :
“A—S.Pﬁfgl I‘A!LU{}L In rou See Fable 4,221 For Detadls of
1 - ~—=5 i Geomelry of Draze Surfaces and

Brazing Prozedusce
Axial Loud Applicd For Steady Stross
Alternating Stress Applicd By Resvnant Vibratlon

as O O
4
— 97— ] J
[ fﬂiqu *-—L- - 04

Test Temperature RT

Static Stress Alternating Stres: Cycles To Fatluretd)
K81 KSI {2) -
29.8 . 20,4 B 5 x 107
6 :

10.2 for 107 cycles + 13,6 for 107 cyeles . i
1.9 . 417 to faflure 6.2 x 10

6.9 for 19° cycles 4 10,2 for ll!('_-.-yclw; “
20.8 4 13,6 for 105 cycles 1 17 for 10% cycles 1.5x70

4 20.1 to fallure

. G . H 8

6.0 Ty 107 gyeles + 10,2 for 107 cyeles . “
47,0 : 4.2 x 11
a1.3 4 18,6 to failure 1.2 % 10
22.4 13,6 107

(1) ANl fullures at base crosg sectian of IN 1oo .

(2} If failure did not oecur 108 cycles, altemating stress was increased for an additionad 1()" cyclen
{f necesuary al the next higher stress level shown,  Vailure eycles shown wee fer L t vadue of
alternating streas Tsted,

. TABLE 4,222 FATIGUE AT RT UNDER COMBINED STATIC AND VIBRATORY ST RIESS OF BEAZLD
’ JOINT SIMULATING TURBINE BLADE FASTENING TO WASPALOY

CODE 4212
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10,

i1.

12,

13.

14.

1.

16.

NONFERROUS ALLOYS

|Seurce (51) p 208 N
Alloy Ni-16C0-10G1-5, BAl-4. TTi-3Mo-0, 95V Ni
Condition Cast and Bonded To UTG0 by TLP Process () 15 Co
Test Temperature 1400F
Basc Metal IN'100, Min KST ¥y, 105, ¥, 795 10 Cr
Requirements at 1400F U-100 Min KSI ¥, 135, ¥, 105 55 Ai
Bonding Fru FL{ '(‘ T R"\ TFailure 4.7 TI
Condition (KS1) (KS1) " 8 Locution 3 M o
2000F, 4 Hrs 137.3 128, 1 2.1 0.6 IN 100
2000F, 4 Hrs 141.5 127 5.2 10.3 IN 100 093 V
2C000F, 4 Hrs 140.4 127 4,0 6,4 Bond Region ' 100
2100F, 4 Hrs 16,1 124.4 4.2 10,9 IN 100 ‘
2100F, 4 Hrs 134, 2 128.1 1.7 2.3 IN 100
2100F, 1 Hrs 112.0 129.4 B G 9.5 IN 100
2100F, 4 iirs 134, 8 121.8 3.8 1. IN 100

1) TLP is Pratt and Whitney Aireraft Trade Name for Transition-lLiquid-Phase Bond by adding thin
Tayer between surfaces fo be bonded und exposing to temperafure near melting point in vacuum.
Melting temperaturce depressant (Boron) is added tn bonding alloy,  Some alloying elements of hase
compuosition (i. e. Al, Tl, C) are restricted to prevent furmation of stable interface phases,

TOBLE 1,231
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